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PREFACE. 


T he want of a general account of Indian Geology has been 
felt for some years. The regular Geological Survey of 
India may be considered to have commenced in 1851 ; and but 
few of those who took part in the work during the earlier 
years now remain in the Service. It is desirable, before all 
the older Members of the Survey pass away, that some record 
of the early observations, many of which are unpublished, 
should be rescued from oblivion, for the benefit of future 
explorers. The published Memoirs and Records of the Sur- 
vey, moreover, have now become too numerous and bulky 
for general use ; and it is difficult for any one, without much 
study, to gather the more important observations on the 
geology of the country from amidst the mass of local details. 
Many papers on Indian Geology are also scattered through 
various Indian and European periodicals. As a guide to all 
who have occasion to acquire a knowledge of Indian Geo- 
logy» or who desire information from a love of the scieuce, 
some compendium of the observations hitherto collected has 
become absolutely necessary; and the present Manual has 
been drawn up, by direction of the Government of India, to 
supply the deficiency. 

It was originally desired by the Government that this work 
should be prepared by the late Dr. Oldham, or that the com- 
pilation should have the advantage of his supervision. As 
Dr. Oldham was the first Superintendent of the Survey, and 
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remained at the head of the Department from its commence- 
ment in 1851 to 1876, he would, unquestionably, have been 
admirably qualified to carry out the work ; and it was his' 
own desire to do so, as the completion of his labours in India. 
Failing health, however, and the pressure of other duties, 
prevented him from even commencing the task ; and when, 
at length, he was unable any longer to remain in the 
country, the duty of preparing a Summary of Indian Geo- 
logy was left to his successor. At this time, the only pre- 
paration that had been made for the work was the partial 
compilation of a general Geological Map of the Peninsula. 

The double authorsldp was not entirely a matter of 
choice ; although undertaken, and carried out, most willingly 
by both the writers. Both have been engaged in the work 
of the Survey almost from the commencement ; and as each 
has, in the course of his service, examined very large areas 
of the country, the combination secures the description and 
discussion, from personal knowledge, of a much larger por- 
tion of India. At the same time, the advantages of wider 
experience and thought may not be found an adequate 
compensation for want of uniformity and occasional dis- 
crepancies — ^the natural results of divided authorship. To 
secure, so far as possible, the responsibility of each author 
for the facts and opinions stated, the initials of each are 
affixed in the Table of Contents to the chapters contributed 
by him. Every such chapter has been read and revised by 
the other writer ; but the alterations have in no case been of 
more than trivial importance ; so that each chapter may be 
practically taken as an individual contribution. The nrunber 
of subjects is so large, and the connexion between them, in 
many cases, so shght, that the lack of uniformity will not, it 
is hoped, seriously detract from the usefulness of the Manual. 

In addition to the subjects discussed in the present work, 
it was, at first, proposed to add an account of the Economical 
Geology, and to treat in a special chapter of the known 
Mineral Resources of India. But the length to which the 
Manual has aheady extended, has rendered it advisable to 
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postpone this very important subject, and to reserve it for 
a separate volume. 

Although many of the details in the work now issued 
have not previously been published, and although the dis- 
cussion of the observations involves several new deductions 
and suggestions, the book is, in the main, a compilation; 
and it is quite possible that, especially in treating of areas 
and formations of which the authors have no personal 
knowledge, full justice has not always been done to the 
views of original observers. It has, in several instances, been 
thought more important to point out possible causes of error, 
than to endorse opinions which, although very possibly cor- 
rect, are not sufidciently supported by published data to he 
accepted as conclusive. In all such cases full references 
to previous publications have been furnished ; and an ex- 
amination of the details given in the latter will, it is hoped, 
serve to correct any errors of interpretation on the part of 
the authors of the present work. 

The numerous and large areas loft blank in the annexed 
Map shew, at once, how far the present publication falls short 
of completeness, and how imperfectly the promise implied 
in the title is fulfilled. A note upon the Map further ex- 
plains, that large portions of it have been coloured from very 
imperfect information, from sketch surveys or rapid tra- 
verses, affording no sufficient opportunity for a proper study 
of the formations. It had, however, become imperative, as a 
duty to the public, for reasons already mentioned, to bring 
together a summary of the work accomplished since the 
commencement of the Survey ; and it was equally essential 
for the Survey itself, that some general record of the results 
obtained up to date should be compiled. These objects could 
only be attaiaed by attempting a general Map and Ileview 
of the Geology of India ; but the reader must not forget that 
the present attempt is more of the nature of a progress 
report than of a finished work. 

The Map, it is feared, will be found defective in several 
other respects. Under the circumstances, it was impossible 
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to prepare a special reduction of the topography ; and, 
amongst the Maps of India ayailable in the. Surveyor 
General’s Office, there was, practically, no choice hut to accept 
that on the scale of 64 miles to the inch, then well advanced 
tow«ards completion, as a basis for the geological details. The 
scale is inconveniently small for all parts of the country that 
luwe been geologically mapped in any detail, and the mountain 
ranges have not been inserted ; so that many features dis- 
cussed in the text are not indicated. But the most serious 
drawback is in the names of plabes. Many towns of 
importance are omitted, owing to the small scale ; and other 
names of interest, for purposes of geological description, 
such as those of fossil-localities, or of villages near important 
sections, arc wanting. Nor is this all. The spelling of 
Oriental names is a well-known cause of perplexity ; and the 
confusion lias been increased by the unfortunate circum- 
stance that, while one system has been adopted by the Great 
Trigonometrical Survey, and employed in all the maps, 
including those of the detailed Topographical Surveys, issued 
by the Department, an entirely distinct system has been 
employed by the Bevenue Survey, by whom the maps of all 
the best known parts of the country have been prepared. 
Under the first system, each letter in the Indian language is 
represented by a corresponding letter in the Boman character ; 
diacritical marks and accents being employed to distinguish 
such consonants or vowels in the latter as are required to 
represent two or more sounds, and the Italian or German 
sounds of the vowels being used, instead of the English. 
Under the second system, an attempt is made to represent the 
original sound by English spelling ; double vowels being 
largely used, but no diacritical marks. The imperfection of 
the latter plan is manifest ; because, in the first place, the 
sounds, of the vowels especially, in English, are variable, and 
incapable, in many cases, of representing those of Oriental 
languages; and secondly, the representation of the true 
names by supposed equivalents is arbitrary, depending 
chiefly on the ear, often very imperfectly trained, of the 
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transcribed. When maps of large areas, as in the present 
case, arc compiled, the mixture of names, spelt according to 
two different systems, is inevitable. The attempt at a general 
revision of the nomenclature, however desirable, would have 
involved serious delay. 

Of late, the Government has adopted a compromise in the 
question of spelling, and lists of the principal places in each 
province have been issued; the familiar and well-known 
names being spelt in the manner that has become customary 
by usage, whilst transliteration is employed in all other 
cases, with the exception that no diacritical marks are used 
for consonants. This system is obligatoiy for all official 
publications ; and it has, consequently, been adopted in the 
present work. In some eases, however, the lists for particular 
provinces have not been published in time to be available ; 
and in the following pages it is not unfrcquently necessary 
to mention places not contained in the hsts, and the proper 
vernacular pronunciation of which is unknown to the 
writers. In such cases, an attempt has been made to spell 
the name according to the recognised system ; but it is only 
fair to warn the reader that no dependence can be placed 
on many names of places, especially upon those in the south 
of India, when taken from old maps. 

In the preparation of the Map, a large share has been 
taken by various OflScers of the Geological Survey, all of 
whom have contributed. The colouring and printing have 
been carried out at the Surveyor General’s Office, under 
the superintendence of Captain Riddell, R.E., to whom the 
authors beg to express their obligations for the labour he has 
given to the work, and for the assistance he has afforded to 
them personally. 

In the plates of fossil plants and animals at the end of the 
work some of the most common and characteristic forms 
of organic remains found in India are represented. The 
plants have been selected and arranged by Dr. Peistmantel, 
and the tertiary Mammalia by Mr. Lydekker. All the 
plates are lithographed by Mr. Schaumburg, whose work 
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will answer for itself. The majority of the figures are from 
original drawings, or from the “ Palaeontologia Indica ; ” the 
remainder are copied from other works ; but these copies 
liare, in many cases, been compared with specimens. 
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Nature of present work — Liinits — Pliysical jfeograpby of India — Sub-division into 
Pcninsnliir and Kxtrii-Peninsular nrens — Rivers of IVninsiilii — Mountain raug^os of 
l\u»insula — Mountain ranj>:es of Kxtra- Peninsular urea — Sind and Western Punjab — - 
lliinaluya — Ranges and rivers of Burina, — Gcologicud formations in general — 
Ijist of Peninsular forinutions — List of Extm-Peiiinsular formations — Summary of 
geology — Metainorphie rooks — Transition rocks — Vindbyun series — Probable 
conditions of deposit — Pabeozoic rocks of Salt Range — Oldest rocks of Northern 
I’unjab, Kashmir, &c. — t)ldest rocks of Himalaya — Gomhvana system — Physical 
geograjihy of (iiondwanu ])eriod — Relations of Gondwdiia flora and fauna — Climate 
of (iondwiina epoch — Jurassic marine rocks — ('retaceous marine rocks — Distribu- 
tion of crtjtaceous land ■ — Deccan traps — lligh-levt‘1 laterite — Tertiary coasts of 
Peninsula — Extra-Peninsular mcsozoic ixicks — Tertiary rocks — Distribution of eocene 
land — Later tertiary beds — Sivvalik fauna — Origin of Himalayas — Origin of Indo- 
Gangetic plain — Distribution of recent fauna — Ethiopian aihnitics of Oriental 
mammals — Ethiopian affinities of Indian mammals — Affinities of land shells — 
Survival of older types in the Indian area — Glattial epoch — Sub-rcjccnt changes of 
level — Previous summaries of Indian geology : Caldcr, 1833 — Newbold, 184-t — 
Carter, 1854 — (ireenongh, 1854 — Later sketches — List of European formations — 
Classiflcation of animal kingdom. 

Nature of present work. — The present, although by no means the 
first general descrijition of the Geology of India, differs from most 
previous works on the subject in the extent of the area described, and 
from all in the amount of information in the hands of the writers, 
riie greater number of the pai)crs hitherto published on the Geology of 
bhc British possessions in India and the neighbouring countries have dealt 
3nly with j)ortions of the territory ; and, since the establishment of a 
Cieologieal Survey by the Government of India, no opportunity has 
iiitlierto been afforded of bringing much scattered information, procured 
jy the Oflieers of the Survey, but, on account of incompleteness, or for 
ithcr reasons, hitherto unpublished, into connexion with tlie published 
lata distributed throughout the Memoirs and Becords of the Survey, 
iiid the Journals of various Seieiiiilic Societies. The urgent need for a 
general exposition of the present state of Indian Geology has led to the 
present attempt to combine the observations of all Members of the 
Geological Survey, past and present, with the information collected by 
)ther Geologists, and to give a general view of the existing state of 
knowledge on the subject. 
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Limits. — The limits of the country described in the present work 
coincide in general with those of the territory under British rule or 
protection : a few notes will occasionally be added on the geological 
features of countries beyond the boundary, wherever information is 
available; but this is rarely the case. Tlicre is, in general, far more 
reason for us to deplore the ignorance still existing of tracts in the 
British dominions, than to congratulate ourselves on our acquaintance 
with foreign territory beyond the limits of the ^^red line.^^ 

Physical geography ^of India. — Before proceeding to any geolo- 
gical details, it may not be out of place to glance briefly at the physical 
features of the region under consideration. With the general outline of 
the British possessions in India and Burma all are acquainted- The great 
triangular promontory, with the island of Ceylon south-east of its 
extremity, to the west of the Bay of Bengal, and the long narrow belt 
of country along the shore of Burma, with a broader expanse in the 
Irawadi valley to the southward, and the long narrow plain of tlic 
Brahmaputra to the northward, east of the Bay ; the broad and high 
mountain chain of the Himalayas, with the loftiest peaks in the w^orld 
dotted along its snowy range, stretcliing in a vast convex curve from 
west to east along the northern boundary, and forming the barrier 
between the troi)ical plains of India and the cold and barren plateaus of 
Tibet : all those are familiar to every one. But there are a few otlier 
peculiarities of the region intimately connected with its geological 
structure, and deserving of a brief notice ; and as the nomenclature of 
the Indian mountain ranges is by no means definitely settled, it is 
necessaiy to explain terms which must frequently be used in the ensuing 
pages. 

Sub-division into Peninsular and Extra-Peninsular areas.— 
The first of the peculiarities to be noticed is the great alluvial low-level 
plain of Northern India, watered by the Ganges and Indus and their 
tributaries ; and hence known as the Indo-Gangetic plain. This is an 
immense expanse of flat country stretching from sea to sea, entirely 
composed of alluvial deposits of very late geological age, and dividing the 
hilly ground of the Peninsula from the various mountain and hill ranges 
of Sind, the Punjab, the Himalayas, Assam, and Burma. It will 
presently be shewn that this sub-division is not merely geographical, but 
that a trenchant distinction exists between the rocks of the Indian 
Peninsula and those of the ILoctTa^Pe^ihisulaT area^ as the territories divided 
from the Peninsular area by the Indo-Gangetic plain may be termed 
collectively. The geological history of these regions is widely different ; 
and even in the characters of the surface there is a marked contrast, due 
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to the great effects produced by disturbance in late geological times 
throughout the Extra- Peninsular region — an effect culminating in the 
elevation of the great Himalayan chain ; — whilst in the Poiiiiisula there 
aj)pears to have been singularly little contortion or alteration of the 
strata after a very early period. The Vindhyans of Bundelkhand and 
Central India are certainly not newer than lower palaeozoic ; yet they are 
nearly horizontal throughout the greater part of tlieir area ; and they 
are far less tilted and folded than the plioccue Siwaliks along the base of 
the Himalayas^ and of the Punjab and Sind mountains, on the op])osite 
side of the Indo- Gauge tic ])lain. 

The first step towards a comprehension of Indian geology is this 
sub-division of the country into three distinct regions — Peninsular India, 
the Extra- Peninsular area, and the great Indo-Gangetic alluvial plain 
sej)arating the two. The jdaiii requin‘S no further description at present ; 
its peculiar features, many of them of singular geological interest, will 
be found described in the chapters relating to post-tertiary and recent 
formations. The physical geogra])hy of the other regions is less simple. 
The Peninsula is the most important portion of the British territories in 
Southern Asia; it comprises the greater part of India proper, and its 
geology has received much more attention than has that of the neighbour- 
ing countries ; consequently it requires to be first noticed. 

Rivers of Peninsula. — Some of the main features of India and 
the neighbouring countries are represented in the accompanying sketch 
map, on which only the principal rivers and the mountain ranges are 
marked. The rivers of the Peninsula are seen at a glance to comprise 
two well-marked groups, irrespective of the streams flowing to the 
Ganges : these groups are — first, the rivers running to tlui wt^stward, and 
terminating in the Arabian Sea, the Narbada (Nerbudda), and Tapti 
(Ta2)tee) being alone of sufficient importance to be iioti^d ; secondly, tJie 
rivers running to the Bay of Bengal, the principal of which are the 
Mahdiiadi (Mahanuddy), Godavari (Godavery or Godavri), Krishna 
(Kistna), and Cauvery (Cavery or Kaveri), It should further be 
observed that the only large streams running westward drain the 
northern portion of the Peninsula, and that, except in a narrow strip! 
of country close to the western or Malabar coast, all the drainage south 
of the Tai)ti valley, even from the summits of the hills within sight 
of the western sea, runs eastward to the Bay of Bengal. 

Moimtain ranges of Peninsula. — The nomenclature of Indian 
mountain ranges is still a difiiculty, it being a rare exception that any 
definite term is applied to a mountain chain, throughout its extent, by 
the people of the country. In many pai'ls of India, peaks and passes 
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Lave names, Lut llie ranges have none ; and even if names exist, their 
ap])licali()n is not iin frequently vague. Thus the aueient name of 
a])j)lie(l to tJie hills separating Hindustan proper or the 
Gangetie country from the Deccan (Dakhiii or south) has now, by 
comin(>n consent, been restricted to the hills north of the Narbada; but 
it ap[)oar.s almost certain that the term originally applied also to the 
ranges now known as Satpura, south of the river; and it is very pi’obable 
that the latter hills were more especially indicated by the term Vindhya 
than the former. The term Satpura, again, was of very indefinite 
aj)])lication, and probably included other ranges, besides that to wliich 
it is now restricted. The names here apjdied are those employed by the 
latest writers on Indian geography; but some of them are by no means 
generally ado])led on maps. 

T1)0 most important mountain rang(?s of the Peninsula are the 
SttJiijdtJn, or Western (iliats, running along the wesfei*n coast, from tJie 
Tapti river to Cape Comorin, at the southern extremity of tlie Peninsula ; 
ihe Sdfjmrdi running east and west, on the south side of the Narbada val- 
ley, and dividing it from the drainage areas of ilie 'i\‘ij)ti to tlie westward, 
and th(? Godavari to the eastward ; and tlie Arruli (Aravalli or Aravally), 
striking nearly south-west to north-east, in Hajputana. The so-ealled Viu^ 
dhij(v,i raiigo, north of the Naihada, and the eastern eontiniiation of tlie 
sanie north of the Son valley, known as tluj Kyrnor range, are merely 
the southern scarps of the Yindhyan plateau comprising Indore, Bhopal, 
Buiidclkhaiid, &e. The ])lateaus of Hazaribagli and Cliuiia Nagpur (("liota 
Nagpore) in South- Western Bengal appear to form a continuation to the 
(?ast^^;lrd of the Satpura. range ; but there is no real connexion between 
tbc.s(j elevations and the Satpura chain ; they arc formed of different 
rocks, and there is no similarity in the geological history of the two 
areas, so far as it is known. In many maps a range of mountains is 
shewn along the eastern coast of the Peninsula, and called the 
Eastern Ghats. This chain, as a whole, has no existence, but is composed, 
to tlie southward, of the eastern scarp of the Mysore plateau, and to the 
nortlnvard of the soulh-eastem scarp of the Bastar-Jaipur plateau, 
north-west of Yizagapatam, and of several short isolated ridges of 
metamorphic rocks, separated from each other by broad plains, and 
having in reality but little connexion with each other. There arc also 
several minor ranges, such as the Kajmahal hills in Western Bengal, the 
Indhyadri ]>etween the Tapti and Godavari, the Nallamale (Nullamullay) 
near K a dapah, north-west of Madras, and the little metamorphic plateaus, 
such as tin? Siiivarais (Slievi-oys), Pachamale, Kolamalt^ &c., scattered 
over the low country of the Carnatic, south-west of Madinas. 
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The peculiarity of all the main dividing’ ranges of India is, that they 
arc merely plateaus, or portions of plateaus, tli at have escaped denudation. 
There is not throughout the length and breadth of the Peninsula, with the 
possible excepiion of the Arvali, a single great range of mountains that 
coincides with a definite axis of elevation ; not one, witli the exce])tion 
quoted, is along an anticlinal or synclinal ridge. Peninsular India, is, 
in fa(t, a table-land, worn away by subaerial denudation, [ind perhaps to 
a minor extent, on its margins, l)y the sea; and the Tnountain cliains are 
merely the dividing lines left undeuuded between dilTerent drainage 
areas. The Sahyadri range, the most important of all, consists to tlie 
northward of hori/ontal, or nearly horizontal strata, of basalt and similar 
rocks, cut inlo a steep scarp on tJie western sitle by denudation, 
a,nd similarly eroded, though less abnij)ily, to the eastward, liie 
highest siimiiiits, such as Mali aid esh war (d,5IO feet), arc perfecily 
flat-to])ped, and arc clearly undcnuded remnants of a great eltival(‘d 
plain. South of about 16° north latitude, the horizontal igneous rocks 
disapjiear, and the range is com])osed of ancient metamorjdiic strata ; and 
here there is in some places a distinct connexion bidavc’en the st rike of 
the foliation and the direetion of the hills ; Init still the eonnexion is only 
local ; aiid the; dividing range consists cither of the western scarp of 
the Mysore plateau, or of isolated hill groups, owing their form apjiar- 
eiitly to denudation. Where the rocks are so ancient as those are that 
form all the southern portion of the Sahyadri, it is almost inipossihle 
to say how far t,ho original direction of the rang is due to axes 
of disturbanee; but the fact that all the prinei])al (do vat ions, such as the 
Nilgiris (Ncilgherries), Paines (Piilnoj^s), &c., some peaks on which rise to 
over 8,000 feet, are ])lateaiis and not ridges, tends to shew that denuda- 
tion has played the principal sliare in determining their contour. 

The southern portion of the Sah^-adri range is entirely separated 
from the remainder by a broad gap, through which the railway 
from Madras to Beypiir passes west of Coirnhatiir. Tlie Anamale, Paine, 
(Pulney), and Travancorc hills south of this gap, and the Shivarai (Shevroy) 
and many other hill groups scattered over the Carnatic, may be rem- 
nants of a table-land once united to tlie Mysore plateau, but separated 
from it and from each other by ancient marine denudation. Except the 
])ceuliar form of the hills, there is but little in favour of this view; but, 
on the other hand, there is nothing to indicate that the liill groups of the 
Carnatic and Travancore are original elevations. 

The whole of the Western Satpnras, from theij: western t(?rinination in 
the Ra]])ipla hills to Asirgarh, consist of basaltic tra])s, like the Salivadri, 
the bedding being, it is true, not horizontal ; but the dips are low and 
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irregular, and have no marked connexion with the direction of the range. 
The Central Satpnras, comprising the Pachmarhi or M ah^deva hills, from 
the gap ill the range at Asirgarh to near Narsingpur, are composed 
chiefly of horizontal, or nearly horizontal, traps, but partly of sandstones 
and of mctaTnor])hie rocks ; and there is here again, as in the Southern 
Sahytidri, some connexion between the strike of tlie foliation in the 
latter and the direction of the ranges. The highest j)eaks, however — those 
of Pachmarhi (4,380 feet) — arc of horizontal mesozoic sandstones. Farther 
east still the Satpuras consist entirely of horizontal traps, terminating 
in the plateau of Amarkantak, east of Mandla. East of this plateau, there 
is, north of BcJispiir, a broad expanse of undulating ground at a lower 
level ; and farther to the eastward, again, the metaraor])hic plafeau of 
Chiitia Nagpur rises, capped in places by masses of horizontal trap and 
laterite. These formations were once apparently continuous across the 
low ground near Belaspur with the same strata on an equal elevation 
at Amarkantak. Similar outliers occur on the Bundelkhand plateau, 
north of the Narbada ; all tending to the same conclusion — that the 
low valleys of Central India are merely denudation hollows, cut by rain 
and rivers out of the original plateau of the Peninsula. The chief ex- 
ceptions to this law — the instances in wkich the strike and dip of the 
rocks appear to have produced important effects on the contour of the 
country — are to be found amongst the mctamorphic and transition forma- 
tions. 

It is true that some small ridges are formed of azoic and mesozoic 
sandstones, in places where the beds of these systems have been disturb- 
ed ; but the only important lines of disturbance in cither appear to be 
due to older axes of metamorphic foliation ; and it is a rare case to 
find that the strike of the sandstones appears to have much effect upon 
the directions of the hills and valleys. A possible excci)tion occurs in the 
Damuda valley in Bengal ; but even this is a disputed case; and the 
subject will be discussed in the chai)ters relating to the Gondwana system. 

This remarkable absence in the Indian Peninsula of any evidence of 
disturbance in late geological times — a feature which abruptly distin- 
guishes the whole area from the remainder of Asia — will be further 
noticed in the sequel : at present it is sufficient to remember that the 
principal mountain chains of th*» Indian Peninsula are, with one excep- 
tion, not coincident with axes of disturbance or elevation, and to note 
the contrast in tlie Extra-Peninsular area. 

The Arvali differs from the other great ranges of India in being 
entirely coTiiposed of disturbed rocks, with the axes of disturbance cor- 
responding with the direction of the chain. The formations found in the 
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Arvali range belong to the transition rocks^ and are of great antiquity ; 
for the most pa rt. they are much altered ; they are quite unfossiliferous, 
and there is CA'idenec which renders it probable that the elevation of 
the range dates from a period anterior- to the deposition of the Vindhyan 
rocks — themselves of unknown age, but almost certainly not of later 
date than older palajozoic ; whilst the fact that these Vindhyan rocks 
are found almost horizontal in the neighbourhood of the Arvali range, 
on both sides of the chain, shews that here, as elsewhere in the Peninsula, 
the forces which have affected the non-peninsular area in later geological 
epochs have not been felt. 

Mountain ranges of Extra-Peninsular area. — Passing to the 
other side of the Indo-Gangetic jdain — no matter whether the region 
reached be to the eastward in Sind and the Punjab, to the northward in 
the Himalayas, or to the eastward in Chittagong and Burma — the moun- 
tain ranges, with the exception of a portion of the Assam range, are every- 
where composed of disturbed and contorted beds, and the disturbance has 
invariably affected rocks of late geological age. The amount of altera- 
tion may be small or great ; the hills may consist of simple anticlinal 
folds, as in Sind, or of the most comjdicated inversions, as in parts of the 
Himalayas ; the strike of the bedding may vary from east and west 
to north and south ; but two characters are constant — great disturbance 
affecting all the formations, and the coincidence of the direction of the 
ranges with synclinal and anticlinal axes. 

Sind and Western Punjab. — In physical characters, as in geology, 
there is, to some extent, a j)assage between the two great and contrasting 
regions in the W estern Indian provinces of G uzerat, Katty war (Kathiawad) , 
and Cutch (Kaehh or Kach). These districts are, however, of no great 
extent, and may be neglected for the present. The rocks of the Eastern 
Salt Range in the Punjab differ from those of the western extremity, 
and the former approximate to the Peninsular type. Passing on to the 
Extra-Peninsular area, and commencing on the west in Sind, there are to 
the westward of the Indus several ranges having a general north and 
south direction. Of these, the most important is the Khirthar, forming 
the western boundary of Upper Sind. But little is really known of the 
geography west of the frontier. The Hala range of most maps is an 
imaginary chain of mountains ; but there are several ranges immediately 
to the west of the frontier, parallel to the Khirthar. Farther to the 
westward, liowever, the ranges in Baluchistan run east and west parallel 
with the coast ; and to the north of Sind, in the Mari and Bhugti hills, 
the same east and west strike is found. These hills are still outside of 
British territory. The next range to the northward, the Suleman, form- 
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ing the boundary of tbe Punjab, and extending: from the frontier of Sind 
at Kaslimor to the neighbourhood of J3annu, is again a north and south 
range, like the Khirthar. The Northern Punjab is traversed by a 8eri(*s 
of ranges having a general east and west strike, but being frequently 
curved, the curvature being greatest in the Salt llangc, tlui most southern 
of all, and its continuation west of the Indus ; whilst the ranges near 
Peshawar and Attock are more nearly east and west. But little is known 
of the mountains in Afghanistan, nor have they much connexion with 
those of the Indian frontier : a north-east and south-west strike a])])ears 
to prevail amongst them ; but the Safed Koh, forming the southern water- 
shed of the Kabul river, is said to strike east and west, like the Afridi 
hills and other ranges, of which it is a continuation. 

Himalaya, — Throughout the western frontier of India there is a 
deficiency of rivers, owing to the small rainfall of the country; and no 
streams of any importance join the Indus from the west. TJie largest 
tributary is the Kabul river, which flows ])ast Peshawar, and runs into the 
Indus near Attock. The five great tributaries of the Indus — the .Thelum, 
Chinab, Bavi, Bias, and Sutlej — flow from the TTirnalayas ; and, after 
traversing the Punjab, unite to form the Punjnad, before falling into the 
Indus from the eastward. The Himalayas may be considered as extend- 
ing from the Indus to the Brahmaputra ; these two rivers between them 
almost encircling the mountain zone of Northern India. Both streams 
rise in Tibet, and within a short distance of each other, and flow, the 
Indus to the north-west, the Brahmaputra, lun’e known as Sangpo 
(Sanpoo), first east by south, then almost due cast, until each, after a 
long course, breaks through the Himalayan chain, and reaches the plains 
of India — the Brahmai)utra in IJpjier Assam, the Indus in the Northern 
Punjab. 

Of the great mountain zone thus defined, the western portion alone is 
well known ; and even hei’C the geology requires much additional study. 
From a little east of the 80lh parallel of cast longitude even the geo- 
graphical details of the Himalaya are but imperfectly represented on maps. 
The only accessible tract, Sikkim, does not extend far beyond the first 
great chain, and stops short of the main watershed. 

The Himalaya, considered as a whole, forms a curved belt of mountains, 
with their convexity to the southward, running nearly from north-west to 
south-east to the westward, and from west to oast to the eastward, the 
eastern extremity striking north of cast. But, besides composing a great 
mountain chain, or series of chains, the Himalayas form the southern 
scarp of the Tibetan plateau — a tract of highland from about 12,000 to 
16,000 feet above the sea. The northern scarp of this plateau is formed 
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by the Kiicnlun, overlooting the lower plains of Eastern Turkestan and 
the Gobi desert. 

The western terminal portion of the Himalayan chain — tlic only pai*t, 
as already stated, that has been accurately maj)ped — comprises a number 
of great ranges, the majority of which have no settled appellations, but are 
commonly known by the terms ajiplicd to passes tlirongh them, or))y the 
names of tlui districts traversed. The princij)al of these ranges are the 
Mustagh, Ladak, Zanskar or Baralacha, and Pir Panjal. The Mustagli, 
frequently called the Karakoram, from a well-known pass, \vhich, how- 
ever, does not cross the range itself, forms the northern watershed of the 
Indus and its trilnilary the Shay ok, and separates their drainage area 
from the upper waters of the Yarkand river. To the north-west the 
Mustagh range appears to curve round into the northeast-southwest chain 
of the Hindu Kush, and is of great lieight ; its culminating peak, the 
nameless summit known on the Great Trigonometrical Survey maps as 
KiJ, rising to an elevation of 28,278 feet, and being only second to 
Mount Everest. The Ladak raijgc intervenes between the Indus and 
Shay ok. The Zanskar (Zaskar) or Baralacha (Baralatse) range divides 
the Upper Indus from the Jhelum and Chinab ; the north-western con- 
tinuation forming the northern boundary of the Kashmir valley, and 
termimiting in the peak of Nanda Parbat. The Pir Panjal divides the 
Kashmir valley, drained by the Upper Jhelum, from the plains of the 
Punjab. All these ranges, it should be recollected, have a north->vest to 
south-east direction ; and to the westward there is a singularly abrupt 
change in the strike, as in the instance already mentioned, of the angle 
formed by tlie Mustagh range and the Hindu Kush. The angle made 
by the meeting of the Pir Panjal range, cast of the Jhelum, and of the 
Murree and Hazara hills, west of that river, is even sharper; the 
latter ranges running at first north and south, forming an acute angle 
with the Pir Panjal, and then curving round south-west, and finally to 
west. 

It is doubtful whether any of the ranges already noted in the terminal 
area should be considered the prolongation of the main Himalayan axis, 
although, if any be really a continuation of the Himalayas ])ropcr, it is 
either the Pir Panjal or the Zanskar range. I'hc main range of the 
Himalayas appears more probably, so far as geological structure affords a 
clue, to commence on the westward in the Hhauladhar, a minor ridge 
rising from the banks of the Ravi close to Dalhousie, and extending to 
the east-south-east, till it rises info the main snowy range or the North- 
West Himalayas. Many geogra])hcrs distinguish two parallel ranges 
from the neighbourhood of Simla to the eastward : the snowy range 
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proper, formed of the hig^hest peaks ; and a more northern ridge, form- 
ing the watershed between the Tibetan plain and the rivers running to 
the plains of India. Others consider the latter to be the true Hima- 
layan range, and look on the higher peaks as belonging to the s])urs 
between the rivers flowing from that range. It is certain that the great 
peaks, such as Nanda Devi (26,700 feet), Dhaulagiri (26,826 feet). 
Mount Everest (29,002 feet), Kinchinjinga (28,156 feet), Chumalari 
(23,929 feet), &c.,are separated from each other by deep valleys, through 
which flow streams coming from the northern range, and that, although 
the peaks of the latter are inferior in elevation, the passes by which it is 
traversed are much higher ; but it has not yet been ascertained whether 
the great peaks are on the strike of any continuous band of rock, or 
whether they merely consist of hard nuclei left undenuded. 

Along the southern base of the Himalayas, and parallel with the 
general direction of the mountains, a series of comparatively low ridges 
extends, formed of tertiary rocks, and separated from each other or from 
the rocks of the main range by valleys called duns. These fringing 
ranges of the later formations are known generally as the Sub-Himalayas ; 
the most important being the Siwalik hills, a term especially applied to 
the hills south of the Deyra Dun, but frequently employed in a wider 
sense than its original application. To the eastward, the Sub- Hima- 
layan ranges are less conspicuous than to the westward ; but they are only 
locally wanting altogether, and are to be traced almost throughout the 
Himalayan border, from the Punjab to Upper Assam. The rivers run- 
ning from the Himalayas to the Ganges and Brahmaputra, although in 
many cases of considerable size, are in general formed by the union of 
a number of comparatively unimportant hill streams; the largest and 
best known of these rivers, beginning from the west, are the Gogra 
(Ghogra), Gandak, Kosi (Koosee), and Tista (Teesta). 

Ranges and rivers of Burma, &c. — The hills immediately south 
of the Brahmaputra belong to two distinct systems. The chain, known 
collectively as the Assam range, and locally as the Garo, Khisi (Khasia 
or Cossya), Jaintia (Jyntia), and Ndga hills, runs east and west to the 
westward and turns to north-east to the eastward, being nearly parallel 
to the Himalayas throughout. The western part of this range, like the 
hills of Katlyvvar and Cutch to the w^est of the Peninsula, presents a 
remarkable combination of peninsular and extra-peninsular rocks. It 
will be shewn that in this direction also some of the peninsular forma- 
tions are found at the base of the Himalayas ; but the peculiarity of the 
Garo and Khasi hills is, that there is less marked coincidence between the 
strike of the newer rocks and the direction of the range than in the 
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extra-peninsular area generally. To the eastward^ in the Naga hills, the 
usual connexion between the strike of the rocks and the direction of the 
ranges reappears ; and a monoclinal axis may be traced along the southern 
face of the Jaintia, Khasi, and Giro hills themselves; but the greater 
portion of the latter form a plateau, on which the mesozoic and tertiary 
format ions are horizontal, or nearly horizontal. The most important ridge 
of the Naga hills is the westernmost portion, known as the Barail-Pdtkai 
range ; and this chain is distinctly cut off from the western plateau of 
the Assam range by an abrupt change of dip in the rocks, and geographi- 
cally by deep valleys. 

The Surma (Soorma) or B&rak river drains the southern slopes of the 
Assam range, and divides it from the great hill region of Burma. In 
North-Eastern Manipur (Muneepoor) there is a transition from the north- 
cast — south-west strike of the Naga hills to the north and south (or 
north-by-west to south -by-east) direction of the Burmese mountain chains. 
The north and south direction is nearly constant throughout British 
Burma, and continues, curving to the south-east, in the Malay Peninsula. 
The great Burmese rivers, the Irawadi and Salwin, and the less important 
streams, the Sittoung, Tenasserim, &c., ran from north to south ; and 
the principal hill ranges are the Arakan Yoma, between the Irawadi and 
the sea ; the Pegu Yoma, between the Irawadi and Sittoung ; and a number 
of less defined chains, formed of older rocks, east and west of the Salwin 
and throughout the Tenasserim provinces. • None of these ranges within 
British territory attain a height exceeding 7,000 feet. 

Geological formations in general. — After the above brief sketch 
of the more conspicuous geographical features of India and the surround- 
ing countries — a sketch in which one of the most important distinctions 
between the peninsular and extra-peninsular areas has been pointed out— 
it will be well to proceed at once to a comparison of the geological form- 
ations found in the different regions. The contrast here will be found 
quite as great as in the case of the physical geography. Throughout the 
peninsular area, there is, from the lowest to the highest formation, a 
most remarkable deficiency of fossiliferous marine rocks ; the few that 
occur being almost exclusively found in the neighbourhood of the pre- 
sent coast, or else in the desert between the Arvali chain and the river 
Indus. With one solitary exception — that of some cretaceous beds occu- 
pying a limited area in the Narbada, valley — no instance is known of 
marine fossils being found in the Indian Peninsula, to the south-east of 
the Arvali range, at a gieater distance than 70 miles from the coast. 

The absence of marine fossils is certainly not due to the alteration 
the strata have undergone, nor to the deficiency of rocks suited for the 
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presorvafion of organic romains?. Lruid and freshwater org’ainsms are 
found in considerable (juantilies in some of the mesozoie and caniozoic 
formations ; and it is possible that the lowest fossiliferoiis Gondwana 
beds may be of upj)er pabeozoic a<^e. ]<]veii at a lower horizon, in the 
ancient Vindbyan formation, limestones and shales, to all ai)pcaraTiec 
perfectly adapted for tlie preservation of fossils, occur in profusion ; and 
it is surprising that no trace of organic remains has ever been detect- 
ed in the transition series, many of the slates, shales, and limestones 
being no more altered than some of the older fossilifeious beds of h]uro})e, 
and even of the Himalayas. When it is re(;ollected how long the 
grauwacke of AVestern Europe was supposed to be un fossiliferoiis, 
some faint hope may still survive that fossils may y(?t be found in the 
Vindhyan and transition rocks of India; but the Europ(‘an Silurian and 
Cambrian beds yielded organic remains in abundance to the first attempt 
at systematic exploration; whilst the A^indhyans, llijawars, Kadapahs, 
Karnuls, and other ancient Indian b^rmations have been searched repeat- 
edly, but without success, by exjjerienced geologists, who had throughout 
their lives been engaged in similar researches. It cannot be said that the 
search is hopeless, in the Uiiper A'^iudhyans especially ; but it may fairly 
be doubted whether any conspicuous marine organisms, such as mollus(‘a, 
corals, or Crustacea, will be detected. 

Of the few marine beds hitherto found in the Indian Peninsula., none 
are older than Jurassic. Even the Jurassic marine beds are well represent- 
ed only in Cut(;h and the neighbouring countries, the known rejiresont- 
atives of the series on the eastern coast of the Peninsula being but poorly 
develoi^ed. The cretaceous marine rocks arc better rcjiresented ; although 
a consideralile portion of the scries is wanting, and the area occupied is 
very small. The marine beds of the tertiary period arc also, so far as is 
known, very ill-devclopcd, or wanting, except in Guzerat and Cutch. 

In the extra-i)en insular area, on the other hand, marine fossiliferous 
rocks of Silurian, carboniferous, triassic, Jurassic, cretaceous, eocene, and 
mioccne age have been found ; and in many cases a complete sequence of 
the different sub-divisions of each epoch has been detected ; allhough far 
less time and labour have been devoted to the examination of the country 
than have been given to the Peninsula, and although the geology of the 
area i^^in general much more complicated, and the task of surveying 
surrounded by greater difficulties. 

List of peninsular formations. — The following is a classified list of 
the formatid*^ in the Indian Peninsula, inclusive of Kattywar and Cutch. 
The great EuiWean sub-divisions of the geological sequence — i)ala;^ozoic, 
mesozoie, and t^tiary or csenozoic — arc ill adapted for the classification of 
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the Indian Leds ; and in several instances, as will be shewn more fully in 
other chapters of this work, the correlation of the strata found in the 
Peninsula of India with the geological series elsewhere is far from satis- 
factorily decided. The lower formations in this list are* simply classed as 
azoic. The sub-divisions are not always strictly consecutive ; some of the 
marine cretaceous rocks being of the same age as the Dcccan traps, and the 
marine Jurassic beds being contemporaneous with the Upper Gondwanas. 

Classified List of Formations in Feninsular India. 


Blown simd. Soils, including bltick soil or regur. 

Modern ulluvial deposits of rivers, estunries, and the ecu 
coast. Khddar of Indo-Gungetic plain, &c. 

Raised sliell beds of coast. 

Low-level latorite. Older alluvial deposits of Ganges, 
Narbada, Godavari, &c. Cave deposits. 

Miliolitc of Kattywar. Pliocene, miocene, and eocene 
(Tmininulitie) beds of Cutebund Ouzerat. Sandstones, f 
clays, jind ligniU;s of the west coast, IVavain^orc and ^ 
llatuagiri. Cuddalore sandstones. Jligb -level laterite. j 
Uj)per trai)s and intertrappoaiis of Boinbjiy. Middle 'N 
traps, iiower traj)s and intertrai)peaiis of Central f 
India, Rajamabendri, &e. Lanieta or infrutrappean f 
group. Infratrappeaus of Ra jam alien dri. J 

Maeine r Arialnr, Triebinoiioly, and Utatur groups. 

CltHTACEOUS ) Bagb beds. i 

liocKS. I^Neocoinian of Cuteb. S 

MAUI^M^ r Uinia, Katrol, Cliari, and Pacbbain groups of Cuteb. 
JURASSIC / Jesalulir liiuestoiies. Tripetty and Ragavupuram beds > 

ROCKS. / of east coast. \ 

^ Cuteb and Jabalpur, 

U 2 )per muj Mahadeva. j 


Approximate 

maximum 

ihicknetnf. 


Recent and 

POST- T KR- 
TIARY. 


I Tertiary 


I Deccan trap 

SERIES. 


Unknown ; 
700 feet 
deej)(?st 
boring. 


2,700 


\ GondwIna 

^ SYSTEM. 

VlNDllXAN 

SERIES. 

Transition 

014 Sini-MKTA- 
MOUIMIIC 
ROOKS. 

Metamor- 
rmc OR 


' Panel let. 

1 Loicer ) Daimida Raiiigauj or Kaintbi, ironstone shales, ( 
and Baraka r. 

Karbarbari and Talebir, 

r Bbanrer (Buiidair). 

j Upper ^ llew^Mli. ( 

(^Kaimur (Kymore). \ 

l^Lower Kiirnul. Bbiina. Sou. Seinri. 

''Upper Gwalior, Ivadupuli, and Kaladgi series 

fBijawars. Clulmimnir beds. Arvali. Mabini') 
I Loioer j beds. Transit ion rocks of Bebar and Sbil- > 
long (tbe last extra-peninsular). \ 

' Gneiss, granitoid and scliistose rocks, &c. 


6,000 


3,000 


6,000 


11,000 


13,000 


12,000 

2,000 ? 
20,000 
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The following is the succession of the more important fossiliferous 
peninsular rocks, the marine beds being omitted from the sequence, but 
classed as equivalent to their supposed representatives amongst the form- 
ations without marine fossils : — 


C-ENOZOIC 


{ 


HSSOZOIC 


PALEOZOIC ^ 


H 

■< 

O 

O 

S 


I 

O 

O 


Peninsular roeJks, 


High-level laterito . 

r 

Upjier Deccan traps 
J Middle traps 
I Lower traps 
I lufratrappeans or Lainctaf 


^ Jabnlpnr and Cutcli. 
Mahaduva and Uujmahal 


Supposed marine equivalents, 
Indian. European. 

Numinulitic Middle eocene. 


' Ariailur 
^ Trichinopoly 
^ Ihigh beds, 
Utatur. 


Panel let 
I)aniu<la 
V Talchir 


Lower eocene. 
U])per chalk. 
Lower chalk. 

Upper greensand. 


Umia and Ka- ' 
trol. 

) Chari and Pa- ( 
chhum. 


.Iurassi(\ 


•> 


Triassic. 
( UpjKT 
I zoic ? 


palfflo* 


It will be seen at once that the geological horizon of the upper 
mesozolc and tertiary beds is ascertained with a fair amount of preensdon • 
but that the determination of the position in the series to be assigned 
to the Lower Gondwana formations is far more doubtful, and that 
nothing is known of the age of the Vindhyans and older i-ocks. 

List of Extra-Peninsular formations. — Owing partly to imper- 
fect knowledge of the ground, but still more to the exteni to wliieh the 
different tracts of Extra- Peninsular India comprised in Erilish territory 
are isolated and separated from eaci other by such regions as Nepal and 
Afghanistan, entirely inaccessible to Europeans, the correlation of the 
various formations in the extra-peninsular region with each other is more 
imperfect than in the peninsular area. This circumstance, however, in no 
way affects the contrast between the rocks in the two areas. The inter- 
stratification in Kattywar and Cutch of certain peninsular formations 
with marine beds belonging to the extra-j)eninsular typos has already 
been noticed ,' but the geology of Kattywar is as yet but imperfectly 
known, and the only peninsular formations found in Cutch are of newer 
mesozoic or tertiary age. A thin representative of the Deccan trap is 
also found in Sind. At the eastern end of the Salt llange in the Punjab 
are found several groups of uiifossiliferous sandstones, having some re- 
semhlance in general character to the Gondwana and Vindhyan systems 
of the Peninsula; and as the age of some of the Eastern Salt llange 
groups is approximately determiued by the iuterstratificaiion amongst 
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them of beds representing the fossiliferous marine rocks of the western 
portion of the range, some clue may perhaps here be afforded to the age of 
the peninsular rocks. Hitherto, however, no such clue has been obtain- 
ed ; the Salt Bange is at a considerable distance from all the Gondwana 
and Viiidhyan rocks of the Peninsula, and none of the unfossiliferous 
Salt Range groups has as yet been identified with any of the peninsular 
formations. 

With the exception of Sind, there are but two localities in Extra- 
Peninsular India where peninsular rocks are found. One of these is at 
the base of the Himalayas, in Sikkim and Bhutan, where fossiliferous 
Damuda (Lower Gondwana) beds occur. The other is in the Assam hills 
(Khasi and Garo), where representatives of the metamorphic and creta- 
ceous (marine) rocks of the Peninsula, and in all probability of the 
transition beds and of the Rajinahal traps, are found. But, in the first 
instance, the relations betwe^en such Himalayan rocks as are associated with 
the Damudas and those of other parts of the Himalayas are extremely 
doubtful ; and it is not even conclusively settled whether the Himalayan 
rocks in question are higher or lower in position tlian the Damuda beds 
themscilves j and in the Assam hills none of the older Himalayan forma- 
tions have been detected : they appear to be replaced by peninsular 
types. 

Of the extra-peninsular rocks two lists are given below : in the first, 
the representatives of different geological horizons in tlie various tracts are 
enumerated ; and in tlie second, an attemiit has been made to exhibit the 
probable correlation of the rocks in the diffenuit jiarts of the area, so far 
as the information available extends. In both lists, an asterisk serves 
to shew that a formation is unfossiliferous, and a note of interrogation 
that the [losition is doubtful. 


CLASSIFIED LIST OF FOEUATIONS IN EXTRA -PENINSULAS TEREIT0RJE8 
BELONQINQ TO lEDIA. 


Recent and . Alluvial and lake dcjiosits. Sub-Himalayaii liigli-lcvcl gravels.* 

POST-TEETIAET. 

Pliocene . Upper Manclibars of Sind. Upper and middle Siwaliks of Siih-Uiina- 
layas, Punjab, &c. Muinnialif(*rous deposits of Western Tibet. 
Deliing group* of Assam. Fossil-wood deposits of Pegu. 

Miocene • Lower Manebbars and Gaj- of Sind. Murree beds* (in part). N4ban. * 

Tipam group of Assam ?* Pegu group of Burma. 
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Eocene 


Vpjper . 
UMh . 

Lower . 
Upper . 


Ceetaceous . 


\ Middle . 


Nari p*oup of Sind. Kasauli and Dagsliai* groups of Sub- 
liinialuyas. 

Nuinniiilitic limestone of Sind, Punjab, Assam, Burma, &c. 
Kbirtluir of Sind. Subdtbu of Sul)-liimaln.yu8. Indus or 
Shiiigo beds of Western Tibet. Coal-ineasures of Assam ? 

Banikot beds of Sind. Lower nummulitics of Salt Bunge. 

Deccan trap.* Card! la hemmonti beds and cretaceous sand- 
stones of Sind. Olive group of Punjab Salt Bange. Disang 
group* of Assam ? lTpi»cr cretaceous of Kbasi Hills. Negrais 
beds of Burma ? {N.B— It is not certain that some of these 
formations may not be, in part at least, eoc(‘ne.) 

Hippiiritic limestone of Sind. Cretaceous beds of Mount Sirbau 
in Hazam and of Koliat. Cbikkim beds of North-Western 
Himalayas. Cretaceous beds of Assam, in part. Mai-i grouj) of 
Burma. 


JtTEASSIC . 


Teias 


Peiimian 

Cakuoni- 
FEIiOrS. 
SiLUElAN . 


Tnfra- 

SlLUKIAN. 


Lower or Neocominn , — Beds in Cliicbali Pass, Salt Baiige. 

Upper . ^Salt Ihnige. Gieumal and Spiti beds of Noitbern Punjab and 
North- Western Himalayas. 

] Middle , Variegated group of Salt Bange. Part of Spiti shales in North- 
Western J I i malay as ? 

Loiver or Lias. — U])])er Tagling limestone of North-Western Himalayas. 

, Syllu^t trap ?* 

' Upper inalmlhg Jthoitic, — Lower Tagling limestone of North-Western 
Himalayas. Nerina^a beds of Mount Siiban, Haztira. Para 
limestone of North-Westerii Himalayas. Beds with Meyalodon 

I and Direrocardimi at Mount Sirbau, H.azura. 

Middle . Salt Bange ? Lilang series of North-Western Himalayas and 
Kjislnnir, Axial grou]) of Burma ? 

Lower , Coratite beds of Salt Bange. Infra-triassic* of Hazara, in 
part ? 

Salt Bsinge carboniferous limestone. Damudas of Sikkim and Bhutan ? 
Infra-triassic* of Hazara P Kiol limestone* of Pir I'anjal P Krol* 
limestone and Infra-Krol* of Western Himalayas P Knlirig seriiss of 
North-Western Himalayas and Kashmir. Maulmain grouj) of Burma. 
Oholus bods of Salt Bange. Attock slates* of Upper JMinjab ? Slates* 
and tra])s* of Pir Panjal and Kashmir? Mutb and Bhabeh series of 
North-Western Himalaysis. Blaini* and Infra-Blaini* of Simla area ? 
Salt marl* of Salt Bange? Gneiss* of Pir Panjal and Ladak. Uiiper 
gneiss* of Zaiiskar range. Shillong series* of Assam hills ? Mei-gui 
group ?* 

Lower or central gneiss* of Himalayas. Gneiss* of Assam and Burma. 


The thickness of the difEerent formations has only been determined 
in a few instances ; so few that it is useless to quote them. The amounts 
are very <^reat^ the tertiary rocks alone attaining a vertical development 
in places, as in Sind, of nearly 30,000 feet. 
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Summaay of geology.— With these data before us, we may proceed 
to a brief summary of* the geological history of India. This summary 
will serve to shew that, despite the imperfection of the geological series 
developed in the Peninsula, there is evidence of a singular permanency 
of conditions and freedom from severe disturbance at all periods after 
early palaeozoic times. Up to the tertiary epoch the same absence of 
contortion appears to have prevailed in the extra-peninsular area also, but 
in later geological times extensive disturbance has affected many parts 
of the latter country. In this summary, it will be necessary frequently 
to anticipate arguments used in the succeeding chapters, in which, how- 
ever, fuller details will be given. 

Although, as has already been said, no marine fossils of older date 
than Jurassic have been found in the Indian Peninsula, it by no means 
follows that the ancifent azoic rocks are not of marine origin. All that 
can be said of the peninsular gneissic and transition series is, that they 
are ancient sedimentary beds : whether deposited in the sea or in rivers 
or lakes, it is impossible to tell. The rocks of these formations may 
have been originally fossiliferous ; for the amount of alteration they have 
undergone would have sufficed in many cases to obliterate all traces of 
organic remains ; but the absence of fossils in the much newer Vin- 
dhyans is not so easily explained ; and even some of the transition beds 
are not more altered * than rocks in which fossils have elsewhere been 
detected. 

Metaniiorphic rocks. — The gneissic rocks of the Indian Peninsula 
arc developed in three areas — the peninsular area proper, comprising the 
greater portion of Bengal and Madras, the Bundclkhand, and the Arvali— 
and appear to include representatives of two formations at least, differing in 
age. The older, which will be described as the Bundclkhand gneiss, is 
shewn 'to be more ancient than the gneissic formation throughout tbo 
greater part of India, by the circumstance that certain transition rocks 
rest without alteration and unconformably on a denuded surface of the 
former, but are altered and intersected by granitic intrusions in the 
neighbourhood of the latter ; so tliat there is to all appearance a pass- 
age between the transition beds in question and the peninsular gneiss. 
It is manifest that the Bundclkhand gneiss was altered before the deposi- 
tion of the Bijiwar transition rocks, and it appears probable that the 
peninsular gneiss was metamorphosed after Bijawar times ; and it is a 
reasonable inference that the peninsular gneiss, whether composed of 
altered Bijawar rocks or not, is the later of the two gneissic series in origin 
as well as in period of metamorphism. The relative age of the gneiss 
occupying the Arvali area in Bajput&na is uncertain. 
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There ore no data known by which the relations of the oldest Hima- 
layan rocks to the metamorphic formations of the Peninsula can be 
determined. There is a well-marked mineralogical distinction between 
the older gneiss of the Himalayas and both of the peninsular types — 
that of Bundelkhand and that of the Peninsula proper. The most im- 
portant difEerencea are, that the Himalayan gneiss )s usually white or 
grey, the common felspars being ^hocla se and albite, whilst the ordinary 
peninsular gneiss is pink, the prevailing felspars being orthoclase and 
oligoclase; and that the former rock is more micaceous, whilst the latter 
contains more hornblende. The Himaldyan gneiss, too, is, as a rule, more 
uniform in character ; it contains far more mica schist, but less quartzite, 
and very little hornhlendic or syenitic gneiss ; whilst in the peninsular 
forms of the rock the different beds vary greatly in mineral characters, 
and a highly hornhlendic variety is much more prevalent than mica 
schist. 

The metamorphic rocks of the Assam hill range belong, as has already 
been mentioned, to the same mineralogical type as the Bengal gneiss ; 
and hills of this rock arc found in places rising out of the alluvium 
of the Assam valley, close to the base of the Himalayas. The gneissic 
rock of Assam and that of the Himalayas are nowhere seen in contact ; 
but tlie distinction in mineralogical character is absolute. In the absence 
of any contact-sec don there is, however, no clue to the relative age of 
the two scries : it is impossible to say whether the Himalayan gneiss is 
older than that of the Peninsula, or vice versa. It should also be re- 
collected that the gneiss of the Western Himalayas is divided from 
that of the mountains north of Assam by nearly 500 miles of unexplored 
country in Nejial. 

The contrast between the peninsular aud extra-peninsular regions 
begins thus with the oldest known rocks; but it is evident that* the limits 
of the areas were then different from what they subsequently became. 
Not only are the metamorphic formations of the Assam hills similar *to 
those of the Peninsula, but the gneiss of Burma resembles the peninsu- 
lar type rather than the Himalayan. 

Although the metamorphic rocks are frequently granitoid, true 
granite only occurs amongst them in the form of veins ; no large areas j 
are known. Granitic intrusions are '*f larger dimensions in the older 
Bubmetamorphic or transition rocks than in the gneissic series. 

Transition rocks. — The transition or subtnetamorphic rocks of India 
consist of schists, slates, quartzites, breccias, limestones, &c. ; they occupy 
a considerable area, and attain a very great thickness, but their history 
is as obscure as is that of the gneiss. They have been classed in two 
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sub-divisions : the first, which is supposed to be the older, exhibiting by 
partial metarnorphism, conformable sequence or granitic intrusion, a close 
connexion with the gncissic strata; the second, shewing no such relation. 
The transition rocks are also divided into several groups, distinguished as 
much by locality as by mineral characters. All these details will be fouiul 
in the second and l^ird chapters of the present work : the only points of 
importance to be now noticed are the relations between the transition 
series, as a whole, and the older and newer rocks of the Peninsula. 

The most important of these relations may be summed up in the fact 
that some of the transition beds appear to have been deposited previous- 
ly to the last great disturbances that affected the strata of the Peninsula ; 
whilst later beds, when tilted or contorted, arc only affected within limit- 
ed areas. Faults of considerable magnitude have certainly been formed at a 
subsequent period ; but still the great lines on which the rocks of the Penin- 
sula have been moulded were more than traced before the transition epoch 
had passed away : they were so firmly laid down, that they have deter- 
mined the main features of the land, wherever these are dependent on 
the strike of the rocks ; and it is remarkable how often the minor disturb- 
ances of a later date conform to the direction of the foliation in the meta- 
morphic rocks. For although, with the exception of the Arvali, the . 
great ranges of the Indian Peninsula appear almost solely due to- the 
action of denudation, and although the direction of these ranges is in- 
dependent of the strike of the newer rocks of which the hills themselves 
are composed, many of the minor ranges and of the smaller river valleys 
coincide in direction with the foliation of the gneiss, or the stratification 
of the older transition rocks. It matters little whether the gneiss folia- 
tion be due to bedding or cleavage ; if the former, the high angles arc evi- 
dence of great lateral pressure ; if the latter, the very existence *of cleavage 
proves the same ; and the parallelism of the foliation throughout large areas, 
and sometimes over hundreds of miles, as in the Narbada valley, shews 
how extensive were the disturbing causes to which this uniformity of 
result is due. It is far from improbable that great mountain ranges 
were formed in the Indian Peninsula before the dawn of geological 
history, as recorded by organic remains, and that the small ridges of 
metamorphic and transition rocks now remaining are but the remnants, 
that have escaped denudation. 

It is difficult to say how far the eruption of igneous rocks is con- 
nected with areas of disturbance : the problem has not yet been solved. 
Independently, however, of the granitic intrusions already noticed, igne- 
ous rocks, often to all appearance of contem2)oraneous origin, are almost 
everywhere associated with the transition strata. Diorite or an allied 
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rock, often greatly altered, is found in the Shillong transition series, the 
bfeds of Chutia Nagpur (Chota Nagpore), the Bijawars of Bundelkhand 
and the Narbada valley, the Gwalior, Arvali, and Ch^mpanir beds, and 
the Kadapah (Cuddapali) series ; whilst the Malani transition beds are 
chiefly composed of felsites. Many of the "trappoid^^ rocks associated 
with the various transition strata, to judge by the deseriptipns given^ 
have the characters of altered subaqueous volcanic tuffs ; and this may 
indicate that the associated transition beds are of marine or lacustrine 
origin. In fluviatile, as in other subaerial deposits, the character of the 
associated volcanic -rocks would probably be difEerent. Some of the 
transition igneous rocks, however, have not the characters of subaqueous 
tuffs. 

Vindhyan series.*-rTlie break between the uppermost transition 
beds and the quartzite sandstones, shales, and limestones of the Lower 
Vindhyans does not appear to be very great ; for although the two series 
are nearly always unconformable, where the newer is seen to rest upon 
the older, there are several obscure sections indicating passage ; and in the 
Godavari valley it has hitherto proved im 2 )ractical)le to distinguish the 
limits of the two series with certainty. The Vindhyans, however, and 
especially the Upper Vindhyans, have a far more recent aspect than the 
transition rocks : a distinction due doubtless to the much smaller amount 
of disturl}ancc, and consequent alteration experienced by the newer series. 
It is an exception to find the Vindhyans, upper or lower, dipping at high 
angles; and over large areas these rocks arc nearly horizontal. 

The thickness of 2,000 feet assigned as a maximum to the Lower 
Vindhyans is probably too little ; but still they arc far inferior in develop- 
ment to the underlying transition beds and to the overlying Upper 
Vindhyans. It is the more surprising on this account to find that the 
Lower Vindhyans have so great a horizontal extension, and that they are 
found, with but small change in mineral character, from ihe Son valley to ' 
Kadapah in one direction, and to the neighbourhood of Bijapur in an- 
other, a distance in each case of 700 miles. In the Son area, too, some 
peculiar beds of trap-like rock occur, similar to those already noticed as 
being intercalated in the transition series of Gwalior, Kadapah, and other 
places, and as having the characters of subaqueous volcanic tuffs. These 
facts are in favour of the marine origin of the Lower Vindhyans. 
But, on the other hand, the area occupied by this series is not continuous ; 
and in one locality at all events, south of the Son valley, there are 
indications of an ancient barrier between different basins of deposition, 
whilst the singular absence of organic remains is rather in favour of 
freshwater origin ; freshwater beds being, as a rule, less fossiliferous than 
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marine. At the same time^ there is always a possibility that these 
formations may have been deposited at an epoch anterior to the existence 
of life ; although, in face of the great probability that the earliest forms 
of organised beings existed long anterior to the appearance of Brachio^ 
poda and Crustacea in the Cambrian formation, and even of Foraminifera 
in .the Laurentian, the likelihood of the. Vindhyans dating from a time 
when the world was devoid of life appears small. It is possible that 
the tropics were too hot for life, even after the polar regions and 
temperate zones were inhabited ; but this is open to question on i)hysi- 
cal grounds, and appears contradicted by the similarity of silurian 
fossils in the southern hemisphere to those in the northern. Had life 
originated independently in both hemispheres, a wide divergence of 
forms might have been anticipated, in the earlier formations between 
the two areas on opposite sides of the equator. At the same time, 
it is quite possible, and even probable, that marine life existed long 
before the fresh waters and the land were inhabited; and the land 
and fresh waters of the tropics may have been too hot for animals or 
plants after the sea teemed with living beings. Unfortunately, the first 
element of the question, — the enquiry w^hether the direction of theearth^s 
axis has been constant, and consequently whether the present trojiics 
have always been in the neighbourhood of the earth^s equator, — has not 
been decided by mathematicians ; and it will be shewn presently that 
there are some very curious indications of a low temperature having 
prevailed in the Indian area at very ancient epochs. 

The Upper ^ iiidhyans, consisting chiefly of line, hard, red sandstone, 
with subordinate bands of shale and limestone, are quite parallel, and 
apparently conformable, to the lower, as a rule ; but still there is exfonsive 
overlap of the lower by the higher series, and some amount of local uncon- 
formity, shewn by the presence of detritus, derived from the older beds, 
in the conglomerates of the newer. The area of the Upper Vindhyans 
is almost restricted to the great tract extending from Behar to the 
Arvali hills ; and differs so greatly from that of the Lower Vindhyans, that 
a great change probably took place in the area of deposition in the 
interval between the formation of the two ; whilst there is much in the 
peculiar conditions of the rocks, and in the features of the boundary, 
to indicate that the Upper Vindhyans may have been deposited in a land- 
locked area. The persistent red colour of the Vindhyan sandstones may 
perhaps also indicate deposition in an inland basin ; for although Profes- 
sor Ramsay^s views on the subject! are not universally conceded, there 
can be no doubt that; the old and new red sandstones of England, and 

* Q. J. G. S., 1871, pp. 197, 24.1. 
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many similar rocks elsewhere^ \7ere in great part formed in lakes or 
lagoons^ and not in an open sea. The same observation applies^ though 
less generally, to the Lower Vindhyans and many of the transition rocks ; 
several of the beds, and especially the sandstones or quartzites, having the 
same red colour as the Upper Vindhyans. 

It has already been intimated that the elevation of the Arvali range 
probably dates from pre-Vindhyan times ; and the supposed Vindhyan 
rocks of Jodhpur to the west of the Arvali, if really of contemporane- 
ous age with the main area of Upper Vindhyans, may have been deposit- 
ed in a second basin. 

It is not possible, in the absence of fossils, to pxpress any decided 
opinion as to whether the Upper Vindhyans are of marine or freshwater 
origin: The prevalence of sandstones, the subordinate character of the 
limestones, the approximate limitation to a defined, although extensive, 
tract, the want of fossils, and, considering the jaobability that the series 
was dei)oslted in an inland basin, the absence of any deposits of salt or 
gypsum, — are all in fqvour of freshwatcir origin ; but it cannot be said 
that these arguments are conclusive. The frequent occiinence of ripjding 
on the shales and finer sandstones indicates that the rocks arc shallow- 
water deposits. No contemporaneous igneous rocks arc known. 

The Vindhyans are the latest azoic rocks of the Peninsula. So far, 
there is no indication of any defined geological horizon. The complete 
severance between the Vindhyans and the Gondwanas, ihe next series 
in ascending order, prevents the deduction of any inference from the 
latter as to the age of the former. The only clue to the magnitude of 
the break is furnished by the relations between the Gondwanas and the 
azoic slates of the Sikkim Himalayas. The details will be found in 
Chapter XXV. The evidence is too uncertain to be accjcpted with much 
confidence ; but, so far as it goes, it is in fav6ur of the Vindhyans being 
classed as very ancient, and perhaps as pre-si lurian. 

Probable conditions of deposit. — From such data as have been 
hitherto afforded but little can l)c inferred as to the history of the 
Peninsula in pre-Vindhyan periods. The peculiarities exliibited by the 
various local groups of transition rocks are in favour of deposition in 
isolated areas, and consequently of a considerable pioportion of the 
country having been above the sea; and there is even a greater proba- 
bility, that India was a land area, or part of a land area, in Upper Vindhyan 
times than in the previous eras. The great break which succeeds the 
Vindhyan age may mark an extensive and prolonged period of terrestrial 
cpnditions. For any indication of the history of the country in early 
palajozoic times, we must leave the Peninsula, and turn to the Punjab and 
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the Himalayas. The oldest beds to the 'eastward, in Burma, are too little 
explored to afford information, and, so far as they are known, they present 
no marked distinction from the peninsular rocks ; whilst the metamor- 
phic and transition formations of the Assam hills are similar to those 
of Bengal. Along the western frontier, in the Punjab and Sind, no old 
beds are known j and proceeding to the northward, the first palasozoic rocks 
exj)osed at the surface within Indian limits are in the Salt Range of the 
Punjab. 

Palaeozoic rocks of Salt Range. — In this Salt Range there is a 
very remarkable and interesting phencmenon. At the eastern termina- 
tion of the range, almost all the oldeA rocks consist of unfossiliferous 
sandstones, whilst to the westward mariim rocks containing fossils pre- 
vail. The very oldest formation, ho we verVis destitute of fossils through- 
out the range ; and the most ancient form life oeeurs near the eastern 
end of the hills. Tlie idea, snggesti*<l by\ Dr. Waagen, that the Salt 
Range marks a portion c*f the limit of the ancient peninsular land, is 
highly projiable ; but the evnlcnce of tlie replaeament of marine forma- 
tions to the westwanl !>y unfos>ilifcn)us sandstones, indicating freshwater 
ot terrestrial conditions to the c.L'itward, with the carboniferous 

peri'll. 

Tlie oldest group of the Salt Range is a bed, at least 1,500 feet 
tliick in ]>laocs, of In ight-red marl, with thick beds of rock-salt .and 
gypsum. This is succeeded in ascending order by from 250 to 450 feet 
of deep purple sandstone, and then comes the lowest band containing 
recognisable fo.ssils — a belt of black shale with calcareous layers. In tlie 
tw'o lower groups only obscure and indistinct traces of fucoids and 
markings resembling annelid burrows have been detected ; but in the 
shale Mr. Wynne obtained a small brachiopod closely resembling OhoTus, 
This probably indicates marine conditions and a lower palseozoic horizon. 
Above the shale comes another unfossiliferous bed, the magnesian 
sandstone," a pale-coloured sandy dolomite, about 200 feet thick. At the 
east end of the range this is succeeded by bright-red clays and flaggy 
sandstones, and then come upper mesozoic or tertiary rocks. Various 
changes take place in the series farther west, and it is by no means 
certain how far the formations at the two ends of the range represent 
each other ; but to the westward the various unfossiliferous sandstones 
4ie out, and the salt marl is immediately overlaid ’by carboniferous lime- 
stone, with the typical fossils, Productus^ Spiriferay &c. It is clear that 
there must be a great break in sequence between the salt marl and the 
carboniferous limestone ; for several hundred feet of sandstones intervene 
between the two, where the limestone first makes it appearance in the 
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middle of the range ; and the salt mail is in all probability of silurian 
age at the latest. . 

The red marl, with thick beds of salt and gypsum at the base of the 
section, can scarcely have been formed otherwise than in an inland basin : 

whellaer \tl or ocomoml oommrmie^feoiL mtir t\iO m or Tiol;) it is, 

of course, impossible to say. The interstratification of the Obolus band 
with the unfossilifcrous sandstones very probably indicates alternation of 
marine and terrestrial conditions ; and in upper palaeozoic times the sea 
evidently occupied the region now forming the western portion of the 
range. But the fossils of the Salt Range carboniferous limestone are 
in many cases the same as those found in Europe, in America, and iii 
Australia ; and to the westward and northward, similar limestone, with the 
same shells, is found in the Suleman range and in Kashmir, and far to 
the eastward, in the trans- Himalayan area ; so that it is a reasonable 
inference, that the sea in which the carboniferous limestone of the Salt 
Range was deposited was part of the great ocean. At the same time if, 
as ai)pears probable, some of the sandstones to the eastward are of con- 
temporaneous origin with the upper palaeozoic limestone of the Western 
Salt Range, the existence of a coast line is indicated, even if the sand- 
stone beds be not of fresh^vater origin ; for many conglomeratic bands 
occur. 

Oldest rooks of Northern Punjab, Kashmir, &c, — Farther to 
the north in the Punjab, in the neighbourhood of Attock and of Abbott- 
abad in Hazara, the oldest unaltered rocks are unfossiliferous slates, with 
some limestones, mid occasional bands of basic volcanic rocks, perhaps 
contemporaneous. In Hazara, -near the Indus, metamor2)hic rocks occur; 
but their relations to the slates are not determined with certainty, the one 
being possibly in part an altered form of the other. The carboniferous 
limestone has not been found’ in place in the extreme north of the Punjab ; 
but some mesozoicbeds overlying the Attock slates are related to Himalayan 
rocks of the same age ; and farther to the eastward, in Northern Kashmir, 
and other jiarts of the North-West Himalayas, similar mesozoic rocks rest 
upon carboniferous limestone ; and this last is succeeded in descending order 
by a great mass of slates, sandstones, quartzites, &c., resting, in turn, 
upon gneiss. In Kashmir itself and its neighbourhood no fossils have 
been found below the carboniferous formation ; hut farther to the south- 
eastward, in Spiti, two fossiliferous bands, the Bhabeh and Muth beds of 
Stoliezka, have been detected, both probably of silurian age. Still 
farther cast, too, in the north of Kumaun, silurian fossils have been 
discovered in considerable quantities. There is reason for believing that the 
Attock slates are a continuation to the westward of the slates of Lahtil, 
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Kishtwir, and Kashmir ; that the latter are representatives of the silurian 
rocks of Spiti and Kumann, and that the whole of these rocks are 
marine. Contemporaneous traps are assoeiated with these silurian forma- 
tions hotli in Spiti and Kashmir, and may in great part be of subaqueous 
origin ; though the amygdaloidal eruptive rocks of the Kashmir valley 
rather resemble subaerial lava flows in some respects. On the whole, the 
probabilities are in favour of marine conditions haying prevailed through- 
out the extreme north of the Punjab, Kashmir, and the neighbouring 
countries north of the Dhauladhar and main Himalayan range in lower 
palaeozoic times. 

Oldest rocks of Himalaya. — The formations in the Western Hima- 
layan area of earlier age than silurian are quite uiifossilifcrous and much 
altered. They consist of gncissic rocks of two ages : the central gneiss 
of Stoliczka, and a newer series resting upon the older, and passing up- 
wards into the silurian slates, which are shewn to be unconformable to 
the older gneiss by containing large quantities of fragments derived from 
it. Neither of these forms of gneiss affords any distinct clue to the con- 
ditions under which it was originally deposited ; but the newer probably 
consists of altered marine beds. 

It has already been intimated, that the marine paheozoic formations 
already noticed arc found to lie north of the main Himalayan axis, the 
great range of crystalline rocks forming the snowy range north of Simla, 
and terminating apparently in the Dhauladhar. South of this range, 
resting upon the ancient gneiss in the neighbourhood of Simla, and else- 
where, is a series of schists, quartzites, sandstones, shales, limestones, 
&c., in which no fossils are known to liave been found ; some supposed 
discoveries of mesozoic and tertiary shells amongst these beds having too 
many elements of doubt to be recognised as authentic. These rocks arc 
known in ascending order as the Infra-Blaini, Blaini, Infra-Krol, and 
Krol beds ; and they have been supposed by various observers to represent 
the trans-Himalayan formations in different ways. The most conspicuous 
band is a massive limestone — ^the Krol limestone of the Simla region. 
This rock has been traced for a considerable distance both eastward and 
westward, and was for some time by Dr. Stoliczka supposed to represent- 
the triassic formation of Spiti ; but a more probable representative has 
been recently indicated by Mr. Lydckker in the limestone of the Pir 
Panjal, believed on fair evidence to be of carboniferous age. If this con- 
clusion be correct, the cis- Himalayan strata of Simla are probably, in 
part at least, altered palseozoic marine beds; although the absence of 
fossils, and the great j)etrological differences from the trans-Himalayan 
formations, have led to the suggestion, that the Blaini and Krol rocks 
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belong to tbe peninsular type. No definite connexion with peninsular 
rocks can^ however, be made out. 

There is much obscurity attending the relations of the Blaini and 
Krol rocks of the Lower Himalayas to the older gneiss ; and in some 
places, instead of the slaty series resting upon the gncissic formation, the 
latter appears to overlie the former. There can be little doubt but that 
such an appearance is illusory, and due to disturbance of later date ; in 
all probability, the Blaini and Krol rocks, although of palaeozoic age, arc 
much newer than the gneiss, and they are eertainly uiieonformable to it. 
There appears some reason for inferring that the pakeozoic slates, sand- 
stones, and limestones occupy hollows formed by denudation in the old 
gncdssic rocks, and that subsequent pressure has produced the appearance 
of inversion. If this be a correct view, it is probable that the cis- Hima- 
layan palajozoic rocks are in great part of freshwater origin, and that the 
present crystalline axis of the Western Himalayas approximately coincides 
with tlie shore of the ancieirt palaeozoic continent, of which the Indian 
Peninsula formed a portion. 

• Passing eastward along the Himalayas, the whole of the country 
north of the snowy range is unknown ; and it is only possible to infer, 
from a few marine fossils brought from various parts of Tibet, that there 
is a continuation in that direction of the Spiti and Kumiiun rocks. Along 
the southern slopes of the Himalayas also, owing to political difficulties, 
scarcely anything is known of the geology. A possible representative 
of the Krol group is found near Kathmandu in Nopal, and another may 
perhaps be traced in Bhutan; but the only formation of definite age in 
this direction is a peninsular rock, the Damuda, to which it will be 
necessary to refer presently. To the eastward, in Burma, the only fossili- 
ferous palaeozoic rock known is the carboniferous limestone of Tenasserim. 
Devonian rocks are said- to have been found in Eastern Tibet.^ 

In the preceding brief survey of our present acquaintance with the 
azoic and palaeozoic formations, it will be seen that, so far as the rocks 
are known, there is a remarkable divergence between the peninsular and 
extra-peninsular rocks : a difference so great as to lead to the conclusion, 
that very different conditions prevailed in the two areas. To this there 
may have been at first an exception iji the case of Burma, where the 
oldest rocks have not been shewn to be distinct from those of tbe Penin- 
sula ; although, in the newer palaeozoic carboniferous times, the sea evi- 
dently covered part of the Burmese area ; whilst there is no trace of any 
marine carboniferous formation in the Indian Peninsula. 


> Comptes Rcuducs, LVIII, p. 878 Qcx)l, Mag., 1, 1864, p. 76. 
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At the same time, there is a well-marked distinction between cis- 
Himalayan and trans- Himalayan formations ; the former difiPering: less 
from the peninsular type than tlic latter do, and the latter being marine, 
whereas the former aic, in part at least, freshwater. It will be seen 
that there is the same, or even a greater, contrast from the extra- 
peninsular formations shewn by the mesozoic and tertiary rocks of the 
Peninsula, to which it is now necessary to turn. 

Qondwana system. — It has already been pointed out, that, in deal- 
ing with Indian rocks, it is impossible always to keep to the classification 
adopted for very different formations in a distant part of Europe. There 
is good reason for believing that the lowest Gondwana beds of the 
Peninsula may be of upper paljeozoic age; but they are divided by a great 
break from the next older series, the Vindhyans, whilst they are inti- 
mately connected with the Upper Gondwana rocks, which are certainly 
mesozoic. In returning from the comparison of the extra-peninsular 
paliBOzoic rocks to the peninsular area, and in commencing the examina- 
tion of the Indian mesozoic formations, it is necessary to commence with 
formations which may represent, in part at least, the upper palaeozoic 
marine beds of the Punjab, the Himalayas, and Burma. 

In the Gondwana system organic remains appear for the fii*st time in 
the Peninsula. But even in these rocks no marine fossils are found in 
the lower sub-division, all the groups of which consist of sandstone and 
shale, in some cases with beds of coal, and appear to be of freshwater 
origin. From a consideration of all the facts known,* the approximate 
age assigned to the Lower Gondwanas is permian and triassic, possibly a 
little older or a little newer, the evidence being by no means conclusive : 
the Upper Gondwanas are with more certainty classed as jurassic. The 
upper sub-division also consists chiefly of sandstones, occasionally asso- 
ciated with clays or marls ; and in one instance the beds are interstratified 
with contemporaneous basaltic lava flows. 

The area occupied by the beds of the Gondwana system, although 
very extensive, is mainly confined to the country between the Narbada 
and Son to the north and the Krishna to the south ; and a veiy large 
portion of this region to the westward is occupied fey newer beds. The 
only outliers in the Peninsula beyond the limits named arc near the east 
coast, and to the westward in Kattywar, Cutch, and Jcsalmir, and consist 
of Upper Gondwana beds alone ; but Lower Gondwanas have been traced 
for some distance along the base of the Eastern Himalayas. 

The Gondwiina beds are distributed in large basins, some of which 
shew a remarkable coincidence with the existing river valleys ; and it has 
hence been inferred that, as the beds are probably of fluviatile origin. 



GONDWANA SYSTEM. 


XXIX 


the river valleys of the present day are the same^ or nearly the same^ as 
those of the Gondvmna period. This conclusion is, however, not admit- 
ted by all observers, and must be received with great caution; the 
distribution of the rocks, in some instances, being quite different from 
that of the existing drainage areas, and the agreement between the 
ancient Gondwfina basins and the modem river system being perhaps due, 
where it exists, to the softness of the Gondw&na rocks, and to their 
having in consequence been more easily worn away by rivers. It is a 
curious circumstance, that the lowest Gondwdna beds are singularly con- 
stant in character throughout the whole extensive area in which they 
are found ; whilst the difference between the rocks in the different basins 
is much greater in the higher members of the Lower Gondwfina series, 
and becomes still more marked in the Upper Gondwdnas. There are also 
more marks of local dist urbance, sharp dips and faulting, in the Lower 
Gondwana rocks than in llie upper; and it is clear that in some instances 
the Lower Gondwdnas had been tilted and faulted before the Upper 
Gondw^nas were dej^osited. It is consequently far from improbable that 
the present Gondwana basins date from’ Upper Gondwana, not from 
Lower Gondwdna, times. In the Upper Gondw&nas, too, there is evidence 
that the coast line of the Peninsula had begun to assume its present 
form ; for in many places along the east coast, from near Cuttack to 
Trichinopoly, small patches of Upper Gondwana rocks are found, in 
several cases interstratified with marine beds, but yet distinctly, in part, 
shewn to be either of fluviatile, deltaic, or littoral origin, from the 
coarseness o^ the materials and the abundance of remains of land plants. 
In some places, too, as near Ellore, these Upper Gondwana beds of the 
east .coast rest upon a denuded slope partly of gneissic and partly of 
Lower Gondwana rocks, having the appearance of a plane of marine 
denudation. Gondwana beds occur near the east coast farther still to 
the north, close to Cuttack, but no marine beds are associated ; and to 
the north, and north-east no marine jurassic rocks are known to exist. 
There is consequently no evidence whether the Jurassic coast ran far- 
ther north in that direction ; although, as will be seen, the sea extended 
•much farther in that direction in cretaceous times. Again, to the west- 
ward, in Cutch, Upper Gondwdna beds arc found interstratified with 
marine rocks of upper Jurassic age, and containing the same fossils as 
the beds on the cast coast; the same Upper Gondwana rocks have been 
traced in Kattywar, and some, probably a little older, occur in the great 
desert near Jesalmir and Balmir, where also marine Jurassic beds are asso- 
ciated. Now, it is a remarkable fact, that this indication of the ancfcnt 
coast line is entirely confined to the Upper Gondwana beds ; Lower Gond- 
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wanas being only associated with the upper in a single instance^ near 
Ellore, where the two are quite unconformable, and where the lower series 
appears to have been planed away, before the deposition of the upper, by 
the marine denudation to which the slope already mentioned is due. It 
is only reasonable to conclude, that important changes in the configura- 
tion of the country took place in the interval between the Upper and 
Lower Gondwana periods. 

The most marked distinction between the Gondwana basins and the 
existing river drainage areas is found in the Satpiira region, where the 
Gondwana rocks form the watershed between the Narbada and Godavari, 
and do not descend into the main valley of either river ; the Gondwana 
basin of the Godavari itself being quite distinct. In this instance, 
however, if there hiwl been any coincidence in the former and present 
river areas, the resemblance could only be due to accident, or to the 
facilities afforded by the soft Gondwana formations for subaerial denud- 
ation, because the whole region in later mcsozoic and early tertiary 
times was covered with a uniform sheet of basaltic lava flows, by which 
all the ancient features of the country must liave been obliterated. It is 
out of this great sheet of igneous rock that the hills and valleys of 
Western and Central India have been carved in tertiary and recent times; 
and amongst the tracts thus exi)Osed by denudation are the GondwAna 
regions of the Satpura hills, and, in great 2)art, of the Son, Upper 
Malninadi and Godavari valleys. Indeed, the vast tracts of Gondwana 
rocks now exposed in these areas owe their preservation, in all probability, 
to the protection from denudation afforded by the overlying traps. 

In part of Bengal a change in the configuration of the country 
through the erujition of igneous rocks took 2)lace at even an earlier 
period,— in the Upper Gondwana epoch itself. In the Eajmahal hills, 
resting unconformably upon the lower Gondwdna Damiidas, themselves 
by no means the uppermost members of the lower sub-division, there is 
found a band of Uj)per Gondwana sandstone; and over this again, with 
slight local unconformity, a great thickness of basaltic lava flows, with 
interstratified sedimentary beds containing plants. It is not probable 
that these lava flows were restricted to their present area; and, from th^ 
abundance of trap dykes in those Gondwana basins of the Damdda 
valley which are in the neighbourhood of the Rajmahal hills, and the 
gradual diminution in the size and number of such dykes as the distance 
from the hills increases, it is highly probable that part of the Damfida 
valley was at one time also covered by horizontal traps. Whether this 
was the case or not, depends upon whether the highest Gondwana beds, 
referred to the Mahadevas, in the Damuda valley, are older than the 
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Rfijmahfl lava flows or newer. If the former, the ground may have been 
covei*ed with basalt ; if the latter, this can scarcely have been the case, 
as a layer of basalt would have been preserved below the Mahddeva 
outliers. In favour of the newer age of the Mahadevas, it should be 
noted, that no trap dyke has been found in them ; although sueh intru- 
sions occur in all Lower Gondwana beds. 

So great an outburst of igneous rocks was probably preceded and 
accompanied by very important changes in the elevation of the neigh- 
bouring country ; and it is evident that all these changes, and the altera- 
tion of the surface by the outburst of traps, must have produced great 
modifications in the form of the river valleys. Indeed, the manner in 
which a number of small Lower Gondwiina basins, now isolated, but 
shewing, by the disturbance they have undergone, that their present isola- 
tion is due to denudation, are scattered over the country to the west of 
the liajmahal hills, indicates fdie probability that all were once parts of 
an extensive river valley; and the comjdete absence of Ui)j)er Gondwana 
rocks in all these small basins may very possibly be due to the breaking 
up of the river valley in the interim between the Lower and Upper 
Gondwana periods. 

On the eastern side of the Rajmahjil hills there is also a possibility 
that the traps extended across the area now occupied by the upper part 
of the Ganges delta, and were connected with the stratified traps found 
north of Sylhet. This is no more than a suggestion ; but still the Lower 
Gondwdna land, in all probability, extended to the north-east, as is shewn 
by the occurrence of Uamuda rocks north of Assam; and it is cpiite pos- 
sible that the Upper Gondwana terrestrial area may have been continued 
in the same direction. At the same time, the Sylhet traps may, even if 
contemporaneous with those of Rajmahal, belong to a different volcanic 
centre. Lut the liajmahal traps shew no signs of thinning out to 
the eastward, where they disappear beneath the alluvial dejiosits of the 
Ganges valley ; and it is only reasonable to suppose that they extend for 
a considerable distance beneath the alluvial covering. Thus, even in 
Upper Gondwfina times, not only is there no reason for supposing that the 
greatest river valley of India existed, but there is some indication that 
it had not been formed. As will be shewn presently, there is a pro- 
bability that the depression of the Gangetic plain, to the eastward at all 
events, is of tertiary origin. 

The very marked difference between the Upper and Lower Gondwana 
floras, and the connexion that exists between the plants found in the 
differ^it groups of each of the two major sub-divisions of the system, also 
point to a break of time of considerable magnitude between the two series. 
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Physical geography of Gondwana period.— We can thus form 
some slight conception of the physical geography of India in the Upper 
Gondwana period. The sea then, as now, occupied the Bay of Bengal, 
and a portion, at all events, of the Arabian Sea ; and large rivers traversed 
the land then, as now, though not in precisely the same courses. The 
general form of the southern part of the Peninsula may have agreed 
more nearly with the present contour than the northern ; for the sea 
occupied the Indian desert and portions of the Punjab and Himalayas. 
There is not the same clue to the form of the land in the Lower Gond- 
wdna period ; and all that can be said with certainty is, that the noilhern 
part of the Peninsula was a terrestrial area, traversed by great rivers. 
To the north-east the occurrence of Damuda beds at the base of the 
Himalayas, in Sikkim and Bhutan, may intimate an extension of land in 
that direction, and a possible connexion with the Chinese area, in which 
plants allied to those of the Damuda are known to have been found. 
Such faint indications of the relations betweeh the Damudas and other 
Himalayan beds as can be learned from the very obscure mode in which 
the Gondwdua rocks occur in the Eastern Himalayas will be found in 
Chapter XXV. All the data hitherto ascertained are too imperfect for 
any conclusions as to age to be based upon them. 

Two other subjects of interest remain for notice : the connection with 
other countries shewn by the fossil flora and fauna of the G.ondwana 
period ; and the evidence of climate. 

Relations of Gtondwana flora and feuna.— The plants o£ the 
Lower Gondwanas consist of acrogens and gymnogens ; the former, repre- 
sented by Equuelaeem and ferns, being far more abundant both in species 
and individuals than the latter, consisting of cycads and conifers. In the 
Upper Gondvvfinas the same classes are found; but the proportion is 
reversed, the conifers, and especially the cycads, being more numerous 
than the ferns, whilst EqimetacetB are barely represented. The fauna 
is singularly poor, no animal remains being found in most of the beds • 
and even plants are scarce in many of the groups. The only formations 
in which plant remains occur in abundance are the Karharb^ri, Damuda 

and Rijmahdl; and even in these the number of species is comparatively 
far from great. 

There are three distinct floras in the Lower Gondwana series ; (1) the 
TalehirandKarharbari, (2) the Damuda, and (3) the Panchet; and two, 
besides some intermediate groups, in the Upper Gondwanas : (1) the Raj- 
mahal, and (2) the Jabalpur and Cutch flora. The Talcbir and Karharbdri 
flora has a marked aflinity to that of the Eiirojican Trias, and especially to 
the Bunter, the lowest sub-division of the Trias; but. there is an ecpially 
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close connexion with the upper palaeozoic (carboniferous) flora in Australia. 
This resemblance to the Australian carboniferous flora is very much more 
marked in the next Gondwana group, the Damuda, a considerable pro- 
portion of the forms being closely allied, and some being identical ; and 
there is also a close connexion between the Damuda plants hnd those 
found in the Karoo series of Southern Africa. Some of the same plants 
are also found in China ; but the details are as yet imperfectly known. 
On the other hand, the affinity between the Damdda flora and that 
of any lower mesozoic or palaeozoic group in Europe is comparatively small. 
Some Damuda plants are certainly allied to species found in carboni- 
ferous, pormian, triassic, and Jurassic beds, and perhaps the most marked 
connexion is with the lower oolites; indeed, the resemblance of a few 
plants in this ease led to both the Damuda beds and the Australian being 
for a long time classed as Jurassic. As will be seen presently, however, 
there is a very much closer alliance between the jdants of the lower 
oolites and those of the uppermost Gondwana flora; and the latter is 
divided by an immense thickness of beds and several successive floras 
from the Damudas. 

Only vestiges of animal remains have been found in the Karharbari 
and ill the typical Damuda beds; but in the Mangli beds, belonging in all 
probability io the Upper Damrfdas, alabyrinthodont skull has been obtain- 
ed, closely related t/O a typo found, like some Damuda plants, in the South 
African Karoo bodo. In the Panclict gronj), above the Darn lidas, remains 
of dicynodont reptiles occur, also evincing a connexion w^th the same 
South African beds. Two labyrintliodonts, also found in the Panchet 
beds, arc most nearly allied to European triassic forms. Of the four 
species of Panchet plants known, two arc European rhaetic species, and 
the others arc allied to rhastic forms, one being, however, nearer to a 
lower triassic type. 

Of the Uj)per Gondwana floras, the Riijmahfil has but little in common 
with any European assemblage of plants ; but it, like the Panchet, is 
most nearly affined to the rhaetic. As between the Rajmahals and 
Panel) cts there is the greatest break, both in paheontology and geologi- 
cal sequence, in the whole Gondwana system, the circumstance, that the 
flora oL* both is related to that of the same minor sub-division of the 
Eui’0])(?an series, shews that too much weight must not be attached to 
similar cases of affinity in determining age. The Cutch and Jabalpur 
flora again contains several plants, apparently identical with forms 
found in lower oolitic (middle Jurassic) beds in Europe, the relations, as 
already stated, being by far the most intimate of any between Gondwdna 
and European fossil floras ; but the Cutch beds overlie uppermost Jurassic 

3 
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marine strata^ and underlie upper neocomian beds, so that if marine fossils 
be accepted as a criterion of age, the horizon of these Cutch strata with 
lower oolitic plants must be very nearly that of the European W ealden. In 
one of the Upper Gondwana groups, that of Kota-]\Ialeri, found in the 
Southern Central Provinces, and supposed, on the evidence of a very poor 
flora, to be intermediate in age between Rajmahal and Jabalpur, a consi- 
derable number of ganoid fishes, with distinctly liassic aflinities, belonging 
to the genera Li^jidotus^ Tetragonolcjns, and Dapr flhus, ai’e found in a bed 
interstratified with rocks containing teeth of Ceraiodiis, and remains of 
two reptiles, llijperodapedoii and Tarasmdim — all characteristic triassic 
forms. The contradictions as to age of the Gondwana fauna and flora are 
thus very great, so long'as these beds are com])ared with the European 
sequence. As a general rule, in the Upper Gondwanas all the forms appear 
to have lived at a later period than in Europe; but in the Lower Gond- 
wanas the reverse is the case. The Rjijmaluil beds are very possibly not 
quite so old as rhaotic. There is much probability that the Kota-Malcri 
group is newer than liassic, and it is certainly of later age than the trias; 
the Umia group of Cutch is clearly posterior in date to the lower oolite, 
whilst, on the other hand, amongst the Lower Gondwana formations, the 
Karharbaris are probably older than triassic; the Uamudas are certainly 
of pre-jurassic age, and the Panchets may very possibly, although trias- 
sic, represent a somewhat eaidier period than that of the rha3tic group. 

It woifld of course be equally unsafe to insist upon the affinities of 
the Karharbari, Damuda, and llajmahal floras, and of the Mangli and 
Panchet faunas, with those of various beds in South Africa and Australia, 
as proving contemporaneous age. But the very marked affinities between 
the different terrestrial forms of plants and animals in the rocks of these 
distant regions may be fairly assumed to shew that there was at times, 
if not continuously, land connexion between the two countries. In the 
Lower Gondwanas the relations with the Australian forms of life are 
stronger than with the European. Whilst the Damuda flora exhibits the 
most marked relationship to that found in beds intercalated with marine 
carboniferous rocks, or conformably overlying them, in Australia, neither 
the Australian nor the Damuda plants have any resemblance to those 
found in the coal-measures of Europe ; although the latter occur in beds 
‘having precisely the same relations to the carboniferous mountain 
limestone as the Australian rocks have to the marine beds with mountain 
limestone fossils. It is reasonable to infer that at this period, or soon 
after, India was united with Australia by land, but not with Europe, and 
that the latter connexion took place later. Hence the occurrence of 
such Lower Gondwana types as are found in European beds in. rocks of 



CLIMATE OF GONDWANA EPOCH. 


XXXV 


later date in the last-named area : for instance^ the ijcnus Pliyllotheca^ 
found in the carboniferous beds of Australia and the Darnudas of India, 
but not in any formation older than Jurassic in Europe. It is not im- 
probable that the Lower Gondwanas of India arc of intermediate age 
between the carboniferous of Australia and the trias of Europe. 

Above the Lower Gondwanas the evidence of connexion with Australia 
is faint ; and where any exists, it is perhaps, on the whole, in favour of a 
passage from India towards Australia. Thus the genus Cemiodus of 
the Indian Upper Gondwanas is represented by living freshwater fishes 
in Australia; vltA ILjjwroda^^^ most nearly related among recent 

Jaeertians to the New Zealand llaftena. Such affinities, however, are 
of minor moment. In the case of Africa, the land connexion a])pears 
to have been more permanent, and it may have exist(‘d continuously to 
tertiary times. Some evidence on this ])oint will be ineidioiied hereafter. 

Some of the plants common to the Cutcli or Jabalpur beds and the 
lower oolitic or middle jurassic^ roidcs of Euro])c have also been found in 
parts of Eastt?rn Euro])c and Western and Northern Asia ; so that there 
is abundant evidence of this flora having been widely diffused in the 
northern lieniisphere. Unfortunately the age of the rocks containing the 
jilants appears in the majority of cases to have been inferrod from the 
flora ; and as this has been shown to be insufficient evidence in India, it 
is^ impossible to tell whether the rocks at the various localities iu South- 
Eastern Russia, the Caucasus, Northern Persia, Siberia, Ncu’thcrn China, 
and Jajian, at which plants resembling those of the lower oolites have been 
found, arii of contemporaneous origin ; or wliether they are intermediate 
in age between the middle Jurassic beds of Western Europe and the 
upper jurassics or Wealden of Western India. It is fair to infer that the 
countri(^s were connected by land during a iiortion of the intervening 
period ; but it is quite uncertain bow far the union was permanent, or to 
tell whether it still existed in up])er Jurassic times. It ajipears probable 
that the sea extended to the westward far north of Cutcb ; but tliere are 
some remarkalde differences between the Jurassic rocks of Cntch and 
those of the Himalayas ; and these differences may have been due to a land 
barrier between the two regions. 

Climate of Gondwana[;epoch. — The climatological evidence con- 
tained in the Gondwana rocks is very curious ; and although it cannot he 
said “*’0 prove an epoch of low temperature, it certainly suggests it. In 
the Talehir formation, almost wherever that extensively developed group 
is exposed, fragments of mctamorphic, transition, or Vindhyan rocks are 
found imbedded. These fragments are always founded, often of large 
size (many having been measured 6 fetjt in diameter, and some are pro- 
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bably larger)^ and in many cases imbedded in the finest silt. It is difficult 
to understand how such large blocks can have been transported and 
deposited in a .fine mud without the agency of ice : roots of trees arc out 
of tlie question where the occurrence is on so large a scale. In one in- 
stance, moreover, some of the blocks were found to be polished and striated, 
and the underlying Vindhyan rocks were similarly marked. The aj>pear- 
anees arc not such as would be produced by glaciers ; and itapjiears more 
jirobable that if ice transported the blocks, it was in the fluviatile form 
known as ground ice. It was at first suggested that this might be the 
case without any change in the temperature, as the Tahdiir formal ion 
might have been deposited on a plateau sufficiently lofty for ground ice 
to be formed. But the additional evidence since obtained of similar 
deposits, apparently of glacial origin, in South Africa, in beds precisely 
(•oiTCS2)onding to the Talchirs in position, the likelihood that the Permian 
breccias of England are also glacial, the i^overty of the Permian fauna, 
and the great break in forms of life at the close of the ]ail;eozoic ])eriod, 
together with the additional astronomical data in favour of variation in 
the sun/s heat — all combine to suggest the possibility of recairrent ej)oeIis 
of diminislied temperature having taken place at int(‘rvals in tlie earth^s 
history, and of one of these intervals having coincided with the Permian 
epoch. This might perhaps also explain the migration of Australian and 
African plants to the tropics, and the subsequent dissemination of these 
same ])lants in the temperate regions of Euroj)e and Asia, as the carth^s 
temperature increased again. There is notliing in the Lower Gondwana 
flora to indicate tropical affinities : the flora, as already noted, is poor, and 
tlie ferns might as well have inhabited a damji temperate climate as a 
tropical one ; whilst the hods containing the Talchir boulders ai^ singularly 
devoid of life, eith(?r vege table or animal. 

It should here he noticed that two eases of large boulders imbedded in 
a fine matrix are known in India amongst earlier i*ocks, and one at least in 
a later formation. One oS these was in some transition beds, of unknown 
relations, ’ resting upon Malaui volcanic rocks ncjir Pokran, between Jodh- 
pur and Jesahnir, in Riijputana. Here also a striation of the underlying 
fornuition was observed. The second case is in the Himalayas of Pangi, 
south-east of Kashmir. Here the old slates, supposed to he silurian, 
contain boulders in great numbers. * The third instance was in the Salt 
Range, where blocks of great size arc imbedded in a clay supposed to be 
of ui)])er ereiaeeoiis ago ; and one of the boulders was found to be polished 
and striated in a very characteristic manner on three different faces. 

^ Dec. G. S. I., X, p. 13. The notice of this boulder bed has been omitted in Chapter II 
of this work. 
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Another nietliod of accounting for the difference of temperature in 
past times is tliat noticed a few pages back, when the absence of life in 
the Vindhyan rocks was mentioned — a possible change in the direction 
of the earth^s axis. Whether such a change can have taken place is a 
question that may l^e left to astronomers and mathematicians, and that 
appears as yet to be by no means decided. So far as the cliiAate of 
India in past times is concerned, granting, as appears pr 61 )able, that a 
lower tom])erature prevailed in certain past epochs, either a secular refri- 
geration or a cliangc in the earth^s axis would equally account for the 
deficiency of heat. It is extremely doubtful, however, whether any 
change in the relative j)Ositions of the earth^s surface could satisfactorily 
account for the recent glacial epoch, of which, as will l)e seen, the effects 
were probably felt in India; and if a cool temperature prevaihd in the 
Permian iKjriod, it is higlily j)robablc that it was due to the same cause as 
in pleistocene times. 

Jurassic marine rocks. — Tlic marine zones associated with tlie 
Upper Goiidwana beds of the east coast have not, with one exception, been 
accurately determined ; but few characteristic forms of fossils occur, and 
the majority of the species found have not been determined. The ex- 
ception is the highest marine bed known; in which forms of Triffonia, 
T. veiUricosa, and T, smeeiy have been found, eharaeteristic! of the higher 
or Umia beds in Cuteh. The Cut, eh jurassies afford a very complete 
representation of all the European jurassie beds above the inferior oolite ; 
tlic Bath, Kelloway, Oxford, Kimmeridge, and Portland faunas being 
more or less clearly distinguished. No equally full sequence of marine 
jurassie beds is known to the northward in the extra-peninsular area, 
but the upper jurassies are, as will presently be shewn, represent (jd in 
the Punjab and the Hiinahiyas.’ North of Cuteh also, in several parts 
of the desert country between the Indus and the Arvali mountains, 
jurassie rooks arc found, the best known being, jicrhaps, some near Jesal- 
inir, of Oxford or Kelloway age : with these, as already mentioned, are 
associated beds apparently of freshwater or littoral origin, and containing 
obscure remains of terrestrial plants and fossil wood. It is probable that 
the jurassie coast line of the Peninsula ran northward from Cuteh 
through Western Rajputaiia to the Salt Range of the Punjab, where 
also marine jurassie rocks containing plant remains are found, but are 
restricted, like carboniferous and triassic marine formations, to the western 
part of the range. 

The highest jurassie group in Cuteh, that of Umia, contains at the 
base a marine fauna, with several species of mollusca common to the 
Portland zone of tlie European oolites, and also some forms, amongst 
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which two Trigonim, T. rentrkom and T.vau, arc conspicuous, characteris- 
tic of certain very higli jurassic beds in Southern Africa. The jdants 
identical with forms found in the inferior oolil.e beds of Eurojie occur at 
a ratlier higher horizon;. but there is some intercalation of marine fossils 
above the ])lant beds. Above the whole, whether conformably or not 
is niiciortain, is a thin band with upper ncocomian Cephalopoda ; and this 
is succeeded by Dec<?an trap, the last-named formation being unconform* 
able to the underlying beds. 

Oretaceous”marine beds. — ^No association of upper cretaceous beds 
with the marine jurassic rocks has hitherto been clearly traced on the east- 
ern shores of the Peninsula ; although some fossils, which may belong 
to a very high cretaceous horizon, occur at the base of the traps near 
Rajdmahendri (llajamundry) and Ellore, overlying beds, believed to be 
identical with those containing Trigbnia stncci and T, Vfnitricnsa a little 
farther to the north-east*; and some cretaceous mollusca have been 
brought from Srij)ermatur, west of Madras, where, however, the rela- 
tions of the rocks containing them to the beds with marine remains in 
the S riper matur Uj)per Gondwana beds ai’O very obscure. By far the 
most important cretaccious dejMjsitsof India are those of the neiglibour- 
hood of Poiidi(iherry and Trichinopoly, where a series of marine fossili- 
ferous strata, classed in ascending order as the Iltatur, Trichinopoly, and 
Arialilr grou])s, correspoiul in age to the European cretaceous bods, from 
lipper Greensand or Cenomanian to Upper Chalk or Senoiiian inclusive. 
The uj)])ermost strata of the Arialur group may possibly represent a 
still higher horizon ; but they have not been definitely distinguished. 
The lowest group or IJtatiir rests in places, with slight unconformity, on 
U|)i)or G(mdwana beds, apparently, to judge by the flora, of an age in- 
termediate between Bijmahal and Jabalpur, and elsewhere upon the 
gneiss : at the base of the Utatiir group there is frecpiently a great 
coral reef. Great unconformity exists between the Utatur and Trichino- 
poly groups, and some may also occur between the Trichinopoly and 
Arialur ; l)ut it is chiefly shewn in the latter case by overlap. 

All the groups are in part or wholly of littoral origin ; none appear 
to bo decj5-water deposits. Fossil wood is found abundantly in the two 
higher groups ; and there is evidence of a tract of land nortli of Tri- 
chinoiioly having been elevated above the sea and brought under the 
influence of denudation in the interval between the Utatur and Triehi- 
nopoly groups. Everything combines to suggest that the eastern coast 
line of Southern India in upper cretaceous times was but a few miles 
farther west than it is now, and that the general direction was the 
same. The occurrence of marine beds atth6 base of the traps near 
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Rdjjimahondri and Ellore, although the geological horizon is not quite 
certain^ and may be later than that of the Arialur beds, tends to indicate 
the continuance of the same coast line. Again, in the Kliasi and Garo 
hills, and throughout a great jiart of the Assam range, marine cretaceous 
beds 0(;cur, containing in large numl>ers the same fossils as the rooks of 
Trichinopoly, and probably deposited in the same sea, and very possibly 
on the same line of coast. There is, however, a break between Ellore 
and the Garo hills ; and there is not the slightest indication of marine 
conditions in cretaceous times in the Ganges valley. Marine cretaceous 
IxhIs occur also in Burma ; but only one fossil, an ammonite (a Trichi- 
nopoly s})ccics) has hitherto been xiroeurcd from them. 

Similar fossils are not found elsewhere in India ; but in South 
Africa there is again, as in the Gondwana and marine Jurassic beds, a 
singularly close connexipn with the rocks of Southern India. In some 
marine cretaceous strata of Natal, the majority of the fossils found are 
identical with those of the Trichinopoly formations. As the fossils 
are chiefly shallow-water and littoral forms, it a])pears a probable con- 
clusion, tliat a line of coast extended in cretaceous times from India to 
South Africa. 

Dif.tribution of cretaceous land.— From the remains found in 
another part of India, some farther indication is afforded of the distri- 
bution of land in the upper cretaceous period. In the Narbada valley 
here and there, from Barwalia (Barwai) to the neighbourhood of Baroda, 
some ])Oorly fossiliferous sandstones and limestones arc found at the base 
of the Deccan traps ; and near Bagh, a band containing a rather better 
series of fossils has been discovered in a bed associated with these sand- 
stones. The fossils are characteristically of Upper Greensand (Cenomanianl 
age, the same as the Utatur group ; but only one species out of eight or 
nine well-identified forms from the Bagh beds is common to the rocks of 
Southern India, and this species, Tecteu {Vola) quinriuecostata^ is one of 
the most widely spread of cretaceous fossils, and is represented l)y distinct 
varieties in the Narbada valley and near Trichinopoly. But whilst there 
is thus a wide difference between the fossils of the Biigh beds and those 
of the probably contemporaneous strata in Southern India, there is 
precisely the same resemblance between the Bagh fauna and that of 
certain beds of the European Upper Greensand, as there is between the 
South Indian cretaceous deposits and those of South Africa : the Bagh 
fauna being also found rcj)resented in Southern Arabia. It has already 
been shewn that a coast line probably extended from India to Southern 
Africa, and it docs not appear an unreasonable inference that this coast 
may have been the southern shore of a land barrier separating the seas 
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oi Europe, AraV>ia, and Western India from those in whieh the deposits 
of the Assam hills, Triehiiiopolv, and Natal were aeeiimiilated. There 
was thus very prohahly in cretaceous times the same union with Africa 
as already indicated in the later paheozoic and older mesozoic period, 
and the same coast line along the eastern shoi-e of the Indian Penin- 
sula as in the jiirassic e])och, but perhaps extending much farther to 
the north-east. In cretaceous times, as in earlier mesozoic periods, 
there is no indication of any deposits having taken place in the Ganges 
valley ; and the absence of any mesozoic beds between the tertiaries of 
the Sub-Himalii^’^as and the ancient rocks of the mountains is rather 
opposed to any large accumulation of strata, either subaerial or aqueous, 
having been formed, in the intervening epochs, within the area of the 
Gangctic plain. 

The number of species common to the' whole cretaceous fauna of 
Southern India and that of Europe is 1 fJ per cent. ; but the propoition 
varies in the difPerent groups, being greatest in the Utatur, 18 per (?eut., 
and least in the Arialur, 12 per cent. ; those species only beijig taken 
into calculation which are in India peculiar to each group. In the 
Trichinopoly group the j)crccntagc of European species is 15. The gra- 
dual diminution in the number of common species may mai’k the effects 
of a long-continued period during which the European seas were. only 
in indirect communication, pmbably by a circuitous route, with those 
of India; the direct communication liaving been cut off after the latest 
Jurassic times, when the connexion between the areas was shown by the 
same species {Trigonia venfricosa, &c.) occurring on both coasts of India. 
The resemblance of the South Indian to the European cretaceous fauna 
is greatest in Cephalopoda , Brachiopoda, and Echinoderwaiay and is much 
less marked in Gaderopoda, LameUibrancMata, Br^ozoa, and corals. The 
representation of zones in Europe by the corresponding suh-divisions in 
India is,liowever, much less close than in the Jurassic rocks of Cutch — a 
circumstance which also tends to indicate less direct communication be- 
tween the seas. In the Cephalopoda, on whieh alone the comparison of 
the Cutch Jurassic^ is founded, this irregularity is esj)ecially marked; 
Neocomian species being found throughout the South Indian uj)per cre- 
taceous series, and the whole facies of the Utatur Cephalopoda, amongst 
which no less than 25 per cent, are common to European deposits, agree- 
ing better with the Gault than with the Upper Greensand fauna. The 
Utatur group, it should be added, contains no less than 109 out of the 14<6 
species of Cephalopoda found in the South Indian cretaceous deposits. 
Some South Indian cretaceous forms, too, are allied to European Jurassic, 
types ; and three species belong to a section of Ammonites not found in 
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Europe in liif^her bods than the trias. Ag-aiii, amongst the Gastm-opofJa, 
and especially in the upper or Arialur group^ a larg’e number of tertiary 
and recent j^^enera are represented. 

Deccan traps. — Whilst the uj^pcr erotaeeous beds were beings de- 
posited on the south-eastern coast of India, the volcanic outbursts of ’the 
Deccan i raj)s must in all probability have commenced. These rocks form 
one of the grandest masses of bedded traps to be found in the world, 
and present several very interesting* problems. The Deccan traps consist 
of a great series oF basaltic lava flows, for the most part assuming the 
form of basalt ; all either nearly horizontal, or i)resenting the appearance 
of having been so originally. They possess a verti(!al thickness of be- 
tween 4,000 and 5,000 feet in some of the Sahyadri scarps, and probably 
where thickest amount to 6,000 feet at least; and they cover an area 
roughly estimated at ii00,000 square miles, and in all probability origin-^ 
ally very inucli greater. These l>asalt.s thin out towards the extremity 
of the area, but they are traced from Sind to Chutia Nag]>ur, and from 
Belgaum to north of Goona, or throughout 16 degrees of longitude and 
9.^ of latitude. 

The absolute geological date of these igneous eruptions is difficult to 
fix, and they may have continued to be poured out during a long ])eriod. 
It has been suggested by some geologists that the llajmaJial ti’aps of the 
Upper (londwaiia i)criod and the Deccan tra})s are ])()rtions of one con- 
tinuous scries of outbursts. This is one of those suggestions which are 
difficult of proof or disproof for want of evidence as to the precise geo- 
logical horizon of the ujipermost traj)s in the Ilajmahal hills ; but there 
is no known connexion between the two series of lava flows. . Each is 
limited tn a definite and separate area; for there is no rqasoii to suppose 
that the Deccan traps ever extended beyond the western part of Chutia 
Nagpur, whilst the most western dykes referable to the Rajrnahal period 
are 1 00 miles farther cast. It is not probable that the beds containing the 
Rajrnahal fossil flora can be much newer than middle Jurassic, whilst the 
oldest of the Deccan traps are clearly not older than ujiper cretaceous ; 
and if the outbursts are supposed to be continuous, it must be inferred 
that the 2,000 feet of Rajrnahal tnxps represent the accumulations of a 
period extending from Jurassic to upper cretaceous, whilst the whole 6,000 
feet or more of Deccan traps were jioured out between upjier cretaceous 
and lower eocene tinies. If the Sylhet traps arc really contemporaneous 
with the Rajrnahal, as is by no means imjirobable, continuity between 
the Rajrnahal and Deccan trap periods is out of the question ; for the 
Sylhet lava flows are overlain unconformably by cretaceous rocks of 
about the same age (Cenomanian) as those underlying the oldest Deccan 
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traps ; but it is not quite certain that the Sylhet trap is of the same age 
as the Kajmahiil ; and even if the two belong to the same period, the 
up 2 )ermost Rajmahal lava flows might be of later date than those in the 
same relative position in Sylhet. 

There is but little petrological distinction between the traps of R?ij- 
mahal and those of the Deccan ; both consist chiefly of basalts, both arc 
composed of nearly horizontal beds, and both, as will be shewn presently, 
ar(i of siibacirial origin ; but in the absence of any direct evidence, it is. 
premature to suggest that there is any connexion between the two form- 
ations, or to class them as portions of one great igneous series. 

The oldest of the Deccan trajis are slightly unconformable to the 
cretaceous (Cenomanian) rocks of 13%h, whilst middle eocene beds rest 
with complete uncoiiformiiy upon the denuded surface of the upper trap 
bods in Guzerat ; and in Sind one thin band of trap, evidently repre- 
sentative of ])art of the Deccan series, is intercalated between very high 
cnjtaceous and vciy low eocene beds ; whilst another band of trap, also 
aj)parently of contemporaneous origin, occurs inttirstratified with upper 
cretaceous beds several hundred feet below the upj^er band. The older 
ti’aps ai'e eonseqiicntly classed as upper cretaceous ; but it is far from im- 
ju'obable that the u])perinost bods may be of tlie earliest eocene age, an*d 
that the traps may represent the w^holc intervening period between cre- 
taceous and tertiary. 

The Deccan traps have been very generally considered tertiary , chiefly 
on the evidence of the freshwater shells in some of the intertrapjiean 
beds ; but these shells, as will be shewn in subsequent pages, have not been 
([uite correctly d(?termined, and the stratigra|>hical evidence is intrinsically 
of more imj)ortanee, besides being better established. 

In the Narbada valley, where the Deccan traps rest upon the marine 
cretaceous beds of Ragh, there is a jicculiarity about the very slight un- 
conformity between the two formations, characteristic of subaerial denud- 
ation ; and there appears no reasonable doubt that the Bagh beds had 
been elevated above the sea before they were covered by the lava flows of 
the Deccan i)criod. Elsewhere at the base of .the traps either freshwater 
beds, known as Lametas, arc found, or the basalt rests upon a worn sur- 
face, evidently terrestrial, of metamorjdiic, transition, or Vindhyan rocks. 
The. Lametas are a thin band, closely resembling the < Bagh beds in 
mineral character, and possibly a freshwater representative of them. With 
the lowest traps of Central India, almost all round the outer limit of the 
trap area from Cutch through Rajputana and the Central Provinces to 
the Southern Mahratta Country, freshwater beds, apparently of lacustrine 
origin, are interstratified ; and in these beds -numerous freshwater mollusca 
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and remains of terrestrial plants, with a few insects, small Crustacea, and 
fish, arc found. In some few places coarser deposits, evidently trans- 
ported l)y rivers, and containing rounded fragments derived from the under- 
lying traps themselves, as well as from older rocks, are met with. All 
these de])Osils clearly prove that the lower traps were poured out on a 
land surface; and amongst the very highest lava flows of llomhay, 0,000 
feet or more above the horizon of the Central Indian beds, freshwater^ 
dej^osits are again found, also teeming with life, both vegetable and 
animal, and aifording evidence of terrestrial conditions. There are also 
found, in many parts of the trap area, thi(?k beds of volcanic breccia, 
evidently of siibacrial formation ; for they want the stratified arrangement 
charaeterisiJc of subaqueous dej^osits. A few laminated ash- beds may 
have accumulated in lakes. 

l)es])ite the fact that the uppermost and lowermost beds are thus 
demonstrated to be subaerial, that many intermediate layers are also proved 
not to be of siibaqueous origin, and tJiat tliero is no structural diJTer- 
enee between f he beds shewn to ho subaerial and the nunaindor of the 
series, it is still coiif ended by some geologists that the Deecan traps must 
be submarine. This view was originally advanced hefoi’e the data now 
ascertained were known; hut tlie idcii has not been entirely abandoned, 
ev(;ii since it has been proved that a pai’t at least of the lava flows must 
have been ])Our(‘d out on a land surfatfc. The great distinction b(?tween 
all such horizontal bedded trajis as those of the Deccan and the lava flows 
of irujdern volcanoes, and the enormous distance to wliieli the trap flows 
must hav(j been extended from the point of eruption, are eharaei.ors not 
yet explained ; but a favourite theory with some geologists, that such 
flows must have been submarine, because a lava flow would preserve its 
heat and fluidity longer under the jiressure of a large volume of water 
than in the air, is not only unproved, Imt is 02 )posed to the known pro- 
perties of water. Moreover, submarine volcanic rocks are common in 
the older formations, and are very different in cliaraeter from such rocks 
as the Deccan traps. All such subaqueous accuimilatif)ns are int(Ji’strati- 
fied \vith ordinary sediment, and so closely intermixed, that it is often 
diflicult to tell whether they are really of igneous origin or not. Such 
arc the trappoid beds of the Indian transition rocks. Now, in no single 
insianee have rocks of this kind been detected in the Deccan trap series ; 
on the other hand, the structure of the beds from top to bottom is that 
of ordinary subacrial lava flows. It may fairly be concluded that all 
such bedded traps as those of the Deccan and the Rdjmahal hills are of 
siibaerial origin. 

Although the Deccan traps occasionally overlie or underlie marine 
dey)Osits, there is almost always distinct unconformity between the two ; 
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and there are hut two localities, in veiy distant parts of India, wliere any 
intevstratiticiitkm of marine beds with igneous rocks has been detected. 
These cases of interstratificatiou are, however, the sole clue afforded to 
the outline of the Indian eontinoiit in the Deccan trap period. The one 
has been already notu*ed as taking })hu*e in Sind ; the other is at liajii- 
niahendri. In l>oth instances the trap is probably littoral, if not truly 
subaerial ; in Sjnd, coarse beds, cong:lnineratcs, and sandstones are asso- 
ciattnl with the lower band of trap, whilst immediately over the u]>per 
layer, s;ind>toues, apj>arenlly of freshwater, and ]u*i)bably of Iluviatile ori- 
i^in, are b*uud, Nt‘ar Ibijamahendri tlie bottom flow of basalt rests upon 
a marine stratum, and is overlain by a band eontainin;4: estuarine fossils, 
fvdl'*wed by a second lava flow. The latter locality may intimate a eon- 
Vuuumce ot l\ic stmerai line of coast that lias been slnnvn to have 
existed in u])per jurassie and cretaceous times, and that remains to tlio 
present day. 

The llajamahendri tra]>s may possibly be part of a distinct outburst, as 
no lava flows are juvserved ill any portion of the intt‘rval, xUO miles in 
length, between liujdniaheiidri and the main tvaj> area in the (Joddvnri 
valley. In all probability, the limit of the Iraj) outliers in llajputana, the 
Vindbyan table-land, Chutia Nagpur, and the Southern Mahraltu Country 
nearly corresponds with the original boundary of the region covered with 
igneous rocks; for just beyond the limit laterite is found in many places 
resting directly on the older rocks; and the laterite a])])ears, as will pre- 
sently be seen, to be of but little later date than the highest traps. 
But along the Bomliay coast the traps disa])pear beneatli the sea, wheie 
they are at their greatest development ; and, in consequence of their west- 
wardly dip, the rocks seen on the coast arc the highest known. How far* 
the igneous rocks of the Deeean period extend in this direction, it is im- 
possible to say, but. probably for 'a considerable distance ; for some of 
the great centres of eruption, to judge by the prevalence of dykes and 
similar intrusions, were in the neighbourhood of the west coast. It is 
probable also that the land in the Deccan trap period extended for a long 
distance to the westward. 

Another circumstance, tending to indicate that the approximate limit 
of the area covered by -tlie traps in India is shewn by the outliers, is, ' 
that throughout the circuit of the igneous rocks, from Rajputana, via 
Chutia Nagpur, to ihe neighhourhood of Belgaum, trap dykes are rare 
or wanting; whilst in parts of the Narbada valley, in the Kgnkan north 
of Bomhay, in Guzerat and Cutch, dykes and other intrusions abound. 
Many of these intrusive masses are of large dimensions, sometimes 
miles in diameter ; and they doubtless fill the channels through which 
the eruptive rocks reached the surface. It is pr(»bable that the Deeean 
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traps flowed from vents without the formation of volcanic cones^ as no 
"trac es of the .inclined beds of such cones have been found; and the dis- 
tinction may have been due to. the greater fluidity and larger mass of 
ejected lava^ and to its consequently increased power of transporting 
all the materials brought to the surface by igneous agency to a much 
greater distance from the point of emission. 

High-level laterite. — It is evident that the close of the volcanic 
outbursts left all the surface of Western India a huge plain of basaltic 
rock, the plain which later denudation has carved into the hills and 
valleys of the Peninsula. The only formation superposed upon the basalt 
throughout the greater part of the area, with the exception of gravels 
and clays of late tertiary or subrecent date, is the high-level laterite, or 
iron clay, a ferruginous and argillaceous rock, from JiO or 40 to siOO feet 
thick, caj)ping the suinrriit of many of the highest traj) }>lateaiis, and 
also occurring on other rocks, beyond the limits of the trap area, in 
such a manmn* as to shew that the caps now remaining lire merely iso- 
lated fragments of a IxkI once far more extensive. This bed probably 
(jovered a large portion of the trap area and tlie neighboin-ing regions, 
and ])erbaps extended tbronghout the greater })()rtion of PeiiinsiiLir India. 
Nor is this all. In the nurnmulitie beds of Guzerat, Cutcb, Sind, and 
tlie Sfilt llange of the Punjah, and in the Subathu beds of the Sub- 
Ilimalayas, all of middle eocene age, there are found one ol* more beds 
of ferruginous Km Ics absolutely undistinguishable from laterite, and pro- 
bably, from their wide extent, of contemj)()raneous origin. 

In many ]>la(ies the laterite bed passes into the uppermost traps, and 
hence it lias been very naturally inferred, that laterite is merely an 
iiltercjd form of the basaltic rock itself ; but it appears most probable 
Unit decomposed basalt, when iron peroxide is added, forms laterite, 
and that consequently passage from the one into the other is natural ; 
but that the high-level laterite bod is really throughout of detrital origin, 
as it is proved to be in places by containing pebbles and sand. It pro- 
bably consists of altered volcanic detritus, perhaps of seoriie and lapilli ; 
the excess of iron being either due to the ferruginous nature of the 
volcanic outbursts, or to a process of washing by whieb the lighter, less 
ferruginous matters were carried farther away from the original source 
of the materials, and formed deposit's less easily consolidated, and, in 
conscqucnec, more easily destroyed by denuding agencies. Other laterite 
formations, deposited after much denudation of the traps had taken 
place, and found at low levels in various parts of India, may have been 
derived, in some cases at least, from materials provided by tlie deiiuda- 
tion of the hi<^b-level form. 
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Tertiary coasts of Peninsiila. — With the high-level latcritc the 
sequence of older rocks in the peninsular area of India may be con- 
sidered to close, late tertiary and recent deposits alone remaining, except 
in a few places on the coast. It wiU now be necessary to return 
to the extra-peninsular areas, and to see what was their history in 
mesozoic and early tertiary times, so far as a record is preserved by tlie 
rocks, whilst the Peninsula, as has been shewn, was a land area, as it is 
now. It should be first stated that the tertiary rocks around the coasts 
of the Peninsula afford but a faint indication of the distribution of land 
and sea in tertiary times. No marine beds of later date than cretaceous 
are known on the cast coast, and the only tertiary beds are the Cuddalorc 
sandstones of uncertain date and origin ; whilst on the west coast the 
sea certainly covered a portion of Guzerat in eocene and miocciie times, 
the coast lines being perhaps not very different from what they arc now, 
although the sea extended some dist.-iucc in what is now an inland direc- 
tion. To the south, in Travancoi-c, for the first time in geological liistory, 
we find that a marine dejiosit was foi-med in the rniocene age ; and we 
may iicrhaps infer that the southern portion of the western coast then 
first assumed something rcsemhling its present outline. When treating 
the i>robahle inferences to be drawn from the Indian fauna as to the 
former connexion bet ween India and other countries, it will he seen that 
India may have been directly connected with Africa till the middle of 
the tertiary period. 

Extra-peninsular mesozoic rocks.— The mesozoic histoiy of the 
extra-peninsular tracts i.s even more meag're than isth.atof the jienin- 
sular aica. Of triassic rocks no trace is known in Sind, none of the 
formations of that province being of older date than cret.ace<ms ; but 
it is highly lu-obahlc that ti ia.s.sic strata, may exist near Kcl.it in Ealuch- 
istan, as Ccruli/es and Oii/ioccraiitat have been obtained there. Ceratito 
bc.'ds, probably ol Punter or lower triassic dat(‘, arc found in the W(‘stern 
Iiart of the Salt Pange of the I’unjab, and in some of the ranges 
west of the Indus near Isakhel (Esakhel), but. have not been clearly 
shewn to occur elsewhere; although representative Ix-ds may jiossibly 
be found in the Himalayas. The overlying beds in the Salt Range 
are poorly fossiliferous. In Hazara, the ujijier triassic or rhatic beds 
with hh-galodoH and Bicencardinw. alone contain distinctive fossils, the 
underlying strata being destitute of organic remains; whilst the next 
beds in ascending order, though probably of rhaiticagc, contain no charac- 
tcristic forms. In Northern Kashmir, and throughout the mountain 
region to the south-east as far us Spiti, and piobably farther, resting 
upon the carboniferous^ rocks, there is a well-developed series of triassic 
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beds^ commencing at the base, where best known and exposed, in Spiti, 
with a band of limestone, abounding in Halohia lommeli^ and resting upon 
carboniferous beds with Spirifer keilhavii and Frodiictus semireiiculatus, 
Abbve the Halobia band are beds of concretionary limestone with numer- 
ous fossils, many of them similar to those of the upper trias (Hallstadt 
and St. Cassian) in the Alps. These Himalayan rocks are the Lilang 
series of Stoliczka, and in places exceed 2,000 feet in thickness. They 
■^ere classed by Stoliczka himself as upper triassic, or Keuper; but other 
writers arc inclined to consider them more probably of middle triassic age. 
The next formation in ascending order, the Para limestone, some hundreds 
of feet thick, contaiiis Idniala feuse and McijaUnlon Inqneler^ 

the latter characteristic of the Dachstein limestone in the Austrian 
Alps j and above tlui Para limcsk)ne is the Tagling limestone, 2,000 feet 
thick, and containing in its lower beds fossils characteristic of the Kosseii 
beds, the characteristic rluctic formation or Avlcnla conforla zone of the 
Alps, and in its u])permost strata several forms typical of the Alpine liassic 
beds of Hierlalz. 

To the eastward, marine triassic rocks have only been detected in 
Burma, where Halobia lommeli has been found. This, however, is a species 
of almost world-wide distribution, and consequently of but small value 
as evidence of any exact hoi-izon. It is impossible to found on tliis isolated 
occurrence any (iouclusions as to the triassic seas of the Burmese area 
being coimected^or unconnecied with tliose of the North-West Himalayas. 

The triassic and rha.'tic beds of AVestern Tibet and the North- AVest 
Himalayas are found represented as far north as the Must agh Range ; 
and the upper triassic beds arc widely develoj^ed to the iiortljward of the 
Kuenlun, in tlie mountains to the north and west of Eastern Turkestan. 

A remarkable peculiarity in the triassic fauna of the North-West 
Himalayas, or rather of AV esteru Tibet (for the area of S[)iti, Zanskar, &c., 
is trans-IIirnalayaii, and inhabited by Tibetans), is the similarity of the 
fauna throughout tlie whole series to that of the corres])onding beds in 
the Alps. It is true that the sub-divisions of the strata do not always 
precisely correspond; but the community of specific forms is such as to 
render it highly probable that the seas of the two areas must have been 
united throughout the period. But, at the same tune, some land con- 
nexion between India and Europe is indicated by the appearance of 
Karharbari plants in the European lower triassic?, and of Panehet species 
in the rhietic. It is difllcult to say whether the trias of the Salt Range 
was deposited in a different sea from that of Hazara, Kashmii*, and Spiti ; 
but the fossiliferous Salt Range beds appear to be older, and the absence 
of any lower triassic strata between the Halobia limestone and the 
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carboiiift’rous Killing series, toflfotlior with the iion-appcaranee of the 
ebaraeterislic upper triassie and rha^tic fossils in ll)c Salt Ban^e, aliJioii^h 
sonic of them are found in Huznra, and perJiaps further to the westward, 
may indicate a distinction Ixdweeii the marine areas. 

Except in tlie upper hods of the Ta^lin^ limestone, no rejnvsentatives 
of the true liassic fauna are known to oeeiir in the iKnVhhourhood of 
India. The extra-peninsular Jurassic formations, alihoug’li more exten- 
sively developed than the triassic, are oidy known with certainty to exist 
in the Western Himalayan and Tibetan area and in the Pun jab. Jurassic 
Ccpltalopodaj as Well as triassic and cretaceous forms, are said to have 
been brought from Kelat. Tlie Jurassic rocks of the Salt Range have 
already been noticed in connexion with the (‘losely allied and better deve- 
loj^cd series in Cutch j and it was shewn how the oolitic formations of the 
two areas were connected by outcrops in the deserts of Western BaJ- 
putana, and were doubtless dej)Osited in parts of the same sea. The upper 
Jurassic rocks of Hazara are more closely coimtjcted with those of S])iti. 

Above the rhsetici and liassic Tagling limestone in Spiti, some slaty 
beds, with fragments of BelcwniicH, a VoHnUmmuyn , and other ill-maiked 
fossil forms, occur, and then black, friable shales, with calcareous concre- 
tions. Tliese, the Spiti shales of Stoliezka’s cl assiii cation, arc generally 
SOO to JiOO, rarely 500, feet in thickness, and abound in fossils, especially 
AmnwnHcH. The fauna was classed as middle Jurassic (lower to middle 
oolitic) by Stoliezka ; but his views have since been rpiostioned, and it 
now a])pears more ju’obable that most of the fossils are up 2 )er Jurassic 
(Kimnnn’idge and Portland) ; though it yet remains to be seen whether 
distinct zones can be traced. If they can, some may l)e older. Above 
the Spiti shales, the (lieuraal sandstone, 200 to 600 feet thick, is found, 
and consists chiefly of a ])ale- coloured grit, j/oor in fossils. The few 
mollusca that occur are mostly ill-preserved and uncharacteristic bivalves. 

To tlie eastward the Jurassic rocks are traced for some distaiujc, 
being found in Ngari-Khorsum, and ])robably much farther in Tibet ; 
and it is said that AnimoniicH of the same species as those of Spiti are 
brought from the neigh l)ourhood of Lhassa. North of the Indus, how- 
ever, and in Northern Kashmir, Jurassic beds do not o(;(*ur. In the 
Nortlicrn Punjab, representatives of both the Spiti shales and the Gicumal 
sandstone, possessing the same mineral characters as in Spiti, rea]ij)ear 
in Hazara, and ai*e traced to the westward, where, however, they lose their 
distinctive mineral characters. 

Although tlie fauna of the Sjiiti shales is believed to indicate the 
same upper Jurassic age as that of the Katrol and Umia beds of Cutch, 
there is but little resemblance in the fauna. Only five species of Hima- 
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Inyan jurassic Cephalopoda are recognised by Dr. Waagfen as identical 
with those of the Cutch beds ; and even of these, one is a species found 
only in a lower sub-division in Cutch. Whilst numerous Central and 
Western .b]uropeau forms arc found in ihe Cutch beds, only one such 
species is known from the Sj)iti shales, several, at first referred to 
European speci(!s, havinj^ since been considered distinct. On the other 
hand, there is some similarity of facies between the S])iti shales fauna 
and fliat of tlie JIussian oolite. Tlie Spiti jurassies occu])y an elli])tieal 
tract, extending to the west-north-west as far as Zanskar \ but doubtless 
owing* its jireseni; restricted area in g’reat part to denudation, as outliers 
occur to tlH^ eastward. 

The eharacterislie Trigonim of the Urnia beds of Ciiteli are found iu 
beds representative of the (lieumal saiulsloiie in Southern Hazara. It 
may 1 ki remembered that these same Trhjoniff are also found in tlie n])per- 
mosi jurassic beds on the east coast of the Indian Peninsula, where llu; 
few nuu’inc fossils occurring* in the jurassic l^pjier (ioiuhvana licds at a 
lower horizon aj)j)ear different from those of Cutch. Tin’s w ide dispersal 
of a similar fauna at the close of the jurassic period may indicate 
depression of land and a. free communication between the seas, in which 
the marine beds of the east and west peninsular coasts, tbe Punjab and 
Spiti, were (l(;i)osit.ed. It is possible that about this time the direct land 
<*<)iuivuiuicatioii with Africa was broken up into islands; though, as has 
a1r(‘ady biieu shewn, the connexion w^as probably re-established in creta- 
ceous times. 

The crctacfcous rocks of the extra-peninsular regions to the east and 
south-east, in Assam and Burma, have already been notieiid : those to tbe 
w'est and iiortli-west are too few and scattered to furnisb nineh informa- 
tion. Doubtless, the greater portion of the cretaceous marine dejiosits 
are concealed beneath tertiary formations. Ncocomian bods have been 
found in the western continuation of the Salt Range, beyond tbe Indus; 
upper neoeomian or Aptian, as already notieed, in Cuttih ; gault in 
Hazara, and some beds of uncertain age near Koliat. Upper cretaceous 
beds, in the form of hippuritic limestone, occupy an enormous area in 
]\Tsla, and wx're very possibly originally eoutimious with similar rocks 
in Southern Euro])e. It is not known how far tins formation extends in 
tlie direction of India. Cretaceous rocks are well developed around Kelut 
and ill some other parts of Baluchistan, and in all probability occupy a 
large area just west of the British frontier; but no details have been 
ascertained as to the sub-divisions represented. Aw^ay to the north- 
ward in Spiti, and again still farther north beyond Changclienmo, on 
the frontier of Khoten, beds containing bippurites have been detected^ 
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those in Spiti being* the Chikkim beds of Stoliezka ; and in Lower Sind at 
one locality a hippurite has been found in a limestone, the lowest bed 
exjiosed; but the Himalayan beds arc merely fragmentary outliers, left on 
the top of hills, and the Sind exposure is a small iiilier, seen in one spot 
only. Above the limestone in the last-named lo(?ality arc the coarse 
sandstones, in which, as already mentioned, a flow of l)e(‘can trap is 
intercalated; and to the sandstones succeed some soft olive- coloured shales 
and sandstones containing CardUa bmumonfl and other fossils, and 
cupped by the highest tra])-flow. These sandstones and olive shales ai*e 
of a very high cretaceous horizon, and are doubtless littoral beds. Similar 
strata are found in the Salt Hange (»f the Punjab; but in a sec'thm 
examined to the west of the Sind frontier both the olive beds and the 
traj) were wanting. It is very probable that the eastern shore of the 
upper cr(^taceous sea passed from Sind to the Salt Itango and then north- 
ward ; but Ibe data arc very im 2 )erfect. Par away to the uorib-cast in 
l^i]M‘t, and to the west of Lhassfi, a species of G (ancon i a (or Onip/i.aUa) 
has bwn found, wbicjji may indicate the existence of uj)pcr cretaceous 
beds, probal)]y littoral or estuarine. 

Tertiary rocks. — The eocene rocks afPord a far better conception 
of Wu) physical geology of North-Western India, lly far the most im- 
portant, and, so far as is known, the most complete, series of tertiary 
formations yet exaniincd is found in Sind, •wluu’e, above the upper flow 
of l)i*ccan trap, sandstones, above 2,000 feet thick, probably of fresh- 
Avaier origin, arc found, passing up into the marine Ilanikot beds, with 
a lowca* eocene fauna. To tiiesc succeed the numrnulitic limestone or 
Kliirtliar group, 500 to 3,000 feet thick ; a distinctly marine formal>ion in 
general, but passing locally into a mass of sandstones and shales having 
a littoral aspect. The u]) 2 ^ermost bands of limestone contain a different 
fauna ; the Foravunifcra especially being distinct from those of the 
Kliirtliar group, and including but two species of ISnmmiilUcs, one, N. 
garansen^h, found only in upiier eocene and lower mioeene lieds in Europe, 
and a second, A. snUcmgalay peculiar to India. With these upper lime- 
stones, sandstones and shales are intercalated ; the marine beds soon die 
out, and a great thickness of sandstones without marine fossils, and 
probably of freshwater origin, succeeds. The whole of thesis bods, from 
the limestones with Nnmnmlites gamnmms upwards, including 4,000 to 
0,000 feet of strata, are classed as the Nari group, and believed to repre- 
sent the upper eocene and lower mioeene of Eurojie. The Gaj group, 
],0()() to 1,500 feet thick, comes next, chiefly composed of marine beds, 
with an ujijior mioc'cne fauna ; the uppermost layers, however, containing 
estuarine shells, and passing into freshwater, probably fliiviatile, clays 



TERTIARY ROCKS. 


li 


and sandstones, with mammalian bones. These last beds form the lower 
Manchliars, and are believed to represent the Lower Siwaliks, or Nahans, of 
tile Sub- Himalayan area. The whole Manchhar group comprises in places 
10,000 feet of beds, chiefly sandstones and clays, cap])ed by coarse con- 
glomerates, and is considered equivalent to the uppermost miocene and 
pliocene of Europe. With the exception of occasional estuarine beds 
near the base, the Manchhar group appears entirely of freshwater origin. 

The mioeene Gaj beds are not traced north of Sind ; in the Punjab 
the only marine tertiary formations known are of eocene age. 

The eocene beds in the Salt liange of the l^unjab apjxiar closely to 
resemble those of Sind, cxee})t that the Nari grou]i has not been detected 
in the former locality : in both cases sandstones and alum clays with 
lignite underlie the numrnulitic limestone. The lowest eocene marine 
beds in the Salt Range, however, are beneath the lignite and alum group ; 
whereas in Sind the Raniket marine beds ovin*He a j)recisely similar 
formation; and consequently some eocene fossiliferous bands of tlie former 
locality may be older than any Sind tertiary beds — a distinction apj)arent- 
ly confirmed by the fiuina. Above the niimmulitic group in the Salt 
Range there is a break in the sequence, neither Nari nor Gaj bods being 
known ; and it is even doubtful whether the lowest members of the Man- 
cbhar or Siwalik group are rej) resented. To tbc westward, in Ivohat, tbe 
limestone is tbinner, and marls, clays, and sandstones are intercalated ; tbe 
underlying lignite and alum clay group appears to be wanting, or re- 
placed by red clays, resting upon gypsum and a bed of rock-salt, 300 to 
700 feet thicjk, and probably even thicker in places. Above the num- 
mulitic limestones are upper tertiary sandstones and clays of freshwater 
origin, as in the Salt Range. In the Eastern Punjab, along tbe base of 
the Iliinalnyas, the tertiary rocks consist of two series, imeonformablo to 
each other in tbe Simla area, but undistinguisbable by any break farther 
to tbe north-west: tbc lower or Sirmiir beds, coin prising three groups, 
known in ascending order as Subiithu, Dagshai, and Kasauli ; and the 
upper or Siwalik series, composed of lower Siwalik or Naban beds, middle 
and upper Siwaliks. Marine beds arc confined to tbc lowest or Subathu 
group, which corresponds to the Kbirtbar group of Sind. Lastly, in the 
extreme north of the Punjab, the nummulitie limestone of Hazara, Cliita 
Pabar, tbe Afridi liills, &c., is interst^’atified with shales, and much con- 
torted and hardened. It is separated from tbe newer tertiary beds by 
a line of fault or disturbance. Some bands containing numniulites are 
found at tbe base of tbc overlying rocks, and are evidently of eocene, 
though perhaps of upper eoiicne, age ; but tbe whole series above them, 
consisting of the Murree beds and the Punjab representatives of tbe 
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Siwalilcs, altlio»i«rb attaining an tMiormoiis thitrknoss, and occupying a 
v«*r\' lar-iT*' of <**»untry, is clfslittiio t)!’ marine hands^ and even of 

wt'H - iiiarkvtl division!!. 
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tlo<a\mir ysulmeiv}. It extends thn*!ii:h'*iit a ;:i'eat [Mn-tion ,»!* the 
Su\ouvAU rautre, and apjvars, as just shewn, in the Salt Uani^e nf the INju- 
jab, and a^xain in the Northern Punjah. To the westward, it is kimwii 
to stretch throiig-li Baluchistan and JVrsia to the (aficasns and .Asia 
Minor, and theiioc into Southern Eiir(»{»i*. Eastward from tlw Suit liun^v, 
although marine uunimulitie beds are found over a considerable area, 
theiuterstratificationof sandstones and shales, often with tt'rreslrial plants 
in places, shews the deposits to have been more or less littoral. AVith 
the data already given, an attempt may now be made at tracing the 
Indian coasts of the nuinmulitic? sc^a. 

So far as the eocene beds of Southern Baliieliistaii are known, they 
consist of sandstones and shales, and indicate the neighbourhood of land 
at the period of deposition. This is the case north of G wadar, and again 
near Karachi. The nuinniulitie limestone thins out greatly, and IxicoiiKis 
intercalated with shales and siindstoiies, in Soutlu»rn Sind, in Cutch, 
and in Guzerat. This oceiirrenee of littoral beds along the present coast 
line may sliew that land existed either to the sou tli ward, in the area 
now occupied by the Arabian Sea, or to the north-west. The ahscjiujc of 
any eocene marine beds on the coast of the Indian Peiiiiisula, from north 
of Bombay to the mouth of the Ganges, reii(l(‘rs it probable tliat a con- 
siderable expanse of land existed at this epoch ; and the land area may 
very possibly have extended towards Africa, as in endaceous times, and 
probably in the mioeene period. Prom the neighhoiirliood of Surat the 
immmulitie shore probably extended to tin* east of Kattywar and Cuteh, 
then possibly, and at a later period certainly, islands, and thence ran 
through the western portion of the great desert to the Punjab. The sea 
extended to the north-east as far as Gahrwdl, wliere the most eastern 
l>ateh of Subathii beds occurs ; but there is no evidence of marine condi- 
tions in the Ganges valley btitAveen Kumaun and the Giro hills, south 
of Assam. The Subathu nuniniulitic beds are dearly littoral deposits, 
and by their aid we may trace the shore line along the south of tlie 
Himalayas to the Pir Panjal. The uiuamulitic limestones of llazdraaiid 
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tlie liills of the Northern Punjab near Attoek and Peshawar arc all inter- 
stratified with shales ; but the formation is of great thickness, and may 
have been formed in the open sea. That the sea extended northward, is 
shewn by the existence of nummulitic beds, much altered, in the Upper 
Indus valley ; but they appear to be restricted <iO tlic neig'hbourhood of 
the river, and it is probable that they were deposited in an arm of the 
sea, while the snrroimdin-g area of Western Tibet was dry land. 

It is impossible to say how far eocene rocks can be traced to the 
north of the Himalayas, in Tibet and Central Asia : some sni)posed num- 
mulitic beds north of Sikkim have not been siifliciently identified for 
certainty. Marine eocene beds are found to the south of the Hima- 
layan axis in the Assam range, and thence to the southward, throughout a 
considerable area, in Burma, west of the Irawadi. Many of the rocks are 
somewhat altered, and fossils, although found in many places, arc often 
wanting throug-hout large areas. The marine nummulitic formation has 
noli been obsoiwed in Tenassoriin ; but it is probably continued in the 
Andamans and Nieobars, and it reappears in Sumatra, Java, and other 
islands of the Malay Archipelago. Throughout this eastern region fresh- 
water beds with coal are of common occurrence in tlie eocene rocks ; and 
even in the mariru; beds coarse sandy deposits frecjuently indicate depo- 
sition near a shore. It is highly probable that the metamorjihic area of 
Eastern Burma was land in the tertiary period, and that the older terti- 
ary dej)osits of Assam, Burma, and the Malay islands were formed in a 
deej> gulf, or around and amongst an archipelago, like that now existing 
farther to the south-east. It will hereafter be shewn that some peculi- 
arities of the recent fauna indicate a connexion between the Malay 
islands. Southern India, and Africa in early tertiary times ; and a land 
area may have extended to the south of India at this period. 

Distribution of eocene land, — It will thus be seen that the Pen- 
insula of India in eocene times was part of a tract of land, perhaps of a 
great continent united to Africa ; that tlicre was a sea to the eastward, 
extending far to the north-east, in the region now occupied hy the Assam 
liills, and aiiotlier sea. to the north-west, covering great, part, if not the 
whole, of Persia, Baluchistan, the Indus plain, and a i)ortion of the Upper 
(langes plain. An arm of this sea extended from the north-west uj) the 
Upper Indus valley iii Ladak. The Himalayas, and perhaps Tibet, 
wholly or in part, were i-aised above the sea ; hut formed in all probability 
land of moderate elevation. Whether the Himalayan land was united to 
the Peninsula is, of course, uncertain — hut very probably it was; for there 
is no evidence of marine conditions having existed in the Ganges plain 
to the east of the Debra Dun; and if the ferruginous bands of the 
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eomposiiii; them must have been derived, in all j^rubabilitj^, from the pen- 
insular area ; and the latter must eonse(|ueiitly have extended northward, 
to the V>ase of the Himalayas, in the neig-libourhood of Umballa. 

It is probable that in the later eocene period of the Nari and Da^- 
shai beds, the sea still Bowed as far north as the Punjab; for some Nari 
Foramimf ora has been found in that direction : but it is evident that the 
marine area was diminishing ; for the mass of the Nari beds, even in 
Sind, appear to be of freshwater origin. In miocene times, although 
marine conditions prevailed throughout Western Sind, the area of the 
sea was very much smaller than in the eocene period ; for all the marine 
beds of the Punjab and Sub- Himalayas are destitute of marine fossils, 
and arc probaldy fluviatile deposits. 

Later tertiary beds. — East of the Indian Peninsula the area of 
middle tertiary roelcs can be but ill defined for want of information. 
Marino beds of this age are found in Pegu occupying an extensive area; 
and if, as a])f)ears prolnible, some marine dci)Ositsin theGaro hills, resting 
unconformably on the nummulitic limestone, are of miocene age, the 
dilTcr(‘nee in extent l)etween the lower and middle tertiary seas in the 
Bay of Bengal area was i)rol)al>ly less than to the westward. All plio- 
cene beds in Assam and Burma apix^ar to be of freshwater origin, with 
the possible exception of some in the Garo hills ; indeed, after miocene 
times, the land areas of South-Eastern Asia must have assumed to a great 
extent their present contour. It has already been pointed out that, for 
the first time in geological history, the delimitation of the Malabar coast 
line is indicated in the miocene period. 

Some marine beds of late tertiary age, largely developed along the const 
of Baluchistan, and hence called the Makran group, are very })robably 
marine ('quivalents of the Manchhars and Siwaliks. This would be in 
favour of the Baluchistan coast line having also ^assumed its present 
approximate outline in later tertiary times. The indications of a con- 
nexion of land between India and Africa in the tertiary period, as illus- 
trated by the recent fauna, will be discussed in the sequel. 

Siwalik fauna. — The mammalian fauna of the later tertiary deposits 
has received more attention than the fossils of most Indian formations. 
A most important and interesting assemblage of mammalian remains has 
been preserved in the middle and upper Siwaliks, the two highest groups 
of the Sub-Himalayan series. In these beds 84 species of mammals have 
hitherto been detected, belonging to 4*5 genera., the whole assemblage 
having more resemblance to the miocene of Europe than to any later 
European fauna, but containing a larger proportion of recent genera, and 
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especially of ruminants, than is found in the miocene elsewhere. Of the 
associated reptiles, several are recent species; and all the freshwater and 
land shells found appear to be identical with living forms. 

The Nahan beds, forming the lowest group of the Siwalik scries, 
have hitherto ])roved unfossiliferoiis ; but in the Lower Manehhar beds of 
Sind, teeth and other remains of a considerable number of species have 
been found, cliiefly of UngulMa^ comprising, l-ogether with several 
Siwalik species, some genera not known in the Siwalik fauna, and ha\dng 
an older facies. The number of recent genera and of ruminants, in the 
Manehhar fauna, is very small, whilst several typically miocene genera 
occur, unknown in the beds of the Siwalik hills. There aj)pears good 
reason to believe that the Siwaliks and the Manehhars are approximately 
equivalent, and that the Lower Manehhars probably correspond to the 
Nahan group. As, however, the Manehhars rest u])on the Giij beds, which 
are probably upper miocene, it is evident that the Siwalik fauna cannot 
be older than pliocene. The Siwalik mammalia resemble those of Pikiu ini 
in Attica more than any other known fossil fauna ; and the Pikermi 
beds, although they contain a large number of miocene species, and are 
frequently classed by various writers as miocene, are shewn to Ixj really 
of pliocene age by containing, at their base, pliocene marine fossils. 

Remains of mammalia of Siwalik species have also been found at 
Perim Island in the Gulf of Cambay, off the coast of Giizerat, and in 
the Liter tertiary beds of Burma, which, like the Manehhar beds, over- 
lie miocene marine strata. In both cases the fauna, so far as known, 
is comparatively poor ; but in each instance there is about the same pro- 
portion of Siwalik species. There is nothing to indicate that the fauna 
of the Ira wadi beds is older than that of the Siwaliks ; and the Perim 
Island mammalia, although comprising IHnofherium , and wanting some 
of the recent genera found in the Siwalik beds, appear to be of nearly the 
same age as the latter. It must be inferred, therefore, that in i)liocene 
times there was land communication between the Sub- Himalayan area, 
Guzerat, and the Irawadi valley. 

The valley gravels of the Indian Peninsula, and especially some fossili- 
ferous l)eds in the Narl)ada valley, contain a few Siwalik mammalia, asso- 
ciated with species more nearly allied to those now living. Remains of 
human implements have also been detected in these gravels, which are 
probably of post-tertiary or pleistocene age. 

The marked resemblance between the Siwalik fauna and that of the 
European miocene may be due to a migration to the southward of the 
fauna inhabiting Northern Asia and Europe towards the close of the 
miocene period, when, as is known from other data, the temperature of 
the northeni hemisphere was becoming colder. There is a marked atfinity 
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between the Siwalik fauna and that now found in the Indian Peninsula, an 
affinity mueli greater than there is between the Siwalik and Malay fauna ; 
and several genera of Siwalik mammals no longer living in India arc 
found still existing in South Africa. This may be due to the admixture 
of the fauna inhabiting India in pre-Siwalik times with the Siwalik 
immigrants; for, as will be shewn, there is a probability that the 
Ethiopian elements of the Indian and Malay faunas are descendants of 
earlier immigrants than the pliocene Siwalik types ; or (and this is per- 
haps the more probable view) the existing mammals both in India .and in 
Africa arc descended in part from the mioeene inhabitants of Europe and 
Northern Asia, driven southward at the commencement of the cold cycle, 
which culminated in the glacial epoch, and some genera which have died 
out in India have survived in Africa. The occurrence of so many species 
of the Central European mioeene beds in the jdiocenc rocks of Greece is 
very possibly due to the same migration to the southward. 

Origin of Himalayas. — During the interval th,at has elapsed since 
eocene times, whilst no important movements, except small and partial 
clmuges of elevation, can be traced in the Peninsula, the whole of the 
gigantic forces, to which the contortion and folding of the Himalayas and 
the other extra-peninsular mountains are due, must have been exercised, 
Tlic Sub-IIimalayan eocene beds were deposited upon uncontorted palaeo- 
zoic rocks ; and although the Himalayan area was prol)ably in great part 
land at a much earlier period, there is no reason for believing that this 
land was of unusual elevation, whilst the direction of the Himalayan 
ranges is clearly due to posfc-eoccne disturbance. It will be shewn, in 
the chapters relating to the Sub-Himalayan rocks, that the movement 
has been distributed over the tertiary and post-tertiary period ; and a 
great portion is of post-pliocene date. Indeed, the fact that earth- 
quakes are now of common occurrence in the Himalayas, the Assam hills, 
Burma, Cutch, and Sind, and that many of the shocks are severe and 
some violent, whilst the peninsular area is but rarely affected by earth- 
quakes, may indicate that the forces, to which the elevation and contor- 
tion of the Himalayas are due, are still in action ; and that the highest 
monntains in this world owe their height to the fact that the process 
of elevation is still in progress, to a sufficient extent to counterbalance 
the clTccis of denudation. 

If, as appears probable, the intercalation of a laterite bed in the 
Subdthu eocenes shews that the latter strata were of contemporaneous 
origin with the high-level laterite of the Deccan, which is always pos- 
terior in date to the Deccan traps, it is evident that the main Hima- 
layan disturbance is of later date than the Deccan trap period ;• although 
the pre-tertiary Himalayan elevation, unaccompanied by folding, may be 
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oUl(*r than the traps, or of the same age. In several loealities along the 
l)ase of tlio Himalayas, basaltic traps are intrusive in the old j)alaiozoic 
rocks of the mouidains. These traps arc, however, suspected to be of 
later t(a’tiary age, and newer tl)an the Deccan t;raps; for they are said in 
one locality to peiud rate the Sub- Himalayan beds, and in another locality, 
whei’e Sirmur beds arc entirely composed of detritus from tlie neigh- 
bouring palaeozoic strata, no fragments of the trap, now so extensively 
intruded into those st rata, are found. Tlu^se Himalayan intrusive rocks 
may be of the sairui date as the contortion and folding* of the beds. 

In Sind and the Suleman 3*anges, there is much probability that some 
movement took ])laee during miocenc and pliocene times. Some slight 
uiK'Oiiforniity l)otween beds, elsewhere conformable, and the absemee of 
different groups in j)arts of the country, may thus be explained ; but 
the ])rincipal disturbance is clearly of post-pliocene date. To the east- 
ward, in Burma, however, the pliocene formations of the Irawadi valley 
are but little disturl)ed, and the miocene beds, although contorted, are 
unaltered ; whilst many of the eocene and cretaceous rocks are greatly 
changed, besides having undergone excessive disturl>ance and folding. 
These facts may, j)erlia])s, indicate that the disturbing forces were more 
severe to the easlAvard in middle tertiary times, and that the main action 
to tlie westward was of later date : a view partly supported by the fact 
that there is evidence of elevation having taken place in the Himalayas 
near the Ganges and Sutlej, at an earlier period than farther to the 
westward. In the Simla area, there is marked unconformity, due evi- 
dently to upheaval and denudation combined, between the Sirmur and 
Siwalik scries, and between the lower, or Naban, group of the Siwalik 
series itself and the next overlying sub-division ; whereas farther west, 
in the Nortliei*n Biinjab, all the groups follow each other in apparently 
conformable socpieiicc. The evidence, however, is not sufficient to prove 
that the contortion to the eastward is older than to the westward ; and 
the absence of any important break in Burma is oyij)osed to the sugges- 
tion of great movements having taken place in that country in early or 
middle tertiary times. 

It is evident that the forces, to which the principal ranges in the 
extra-i)eninsular area ov/e their direction, have not only been exerted 
throughout a considerable portion of the tertiary period, but that these 
forces have acted contemporaneously, at all events in the post-plioeene 
period. Yet the directions of the ranges vary in the most remarkable 
manner, as has already been pointed out on a previous page, and shewn 
on the sketch map in the commencement of the present Introduction. 
It would be diflicult to conceive clearer evidence : taking only the north- 
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western area, amoTii^^st the mountain riclg^es that encircle the Indus plain, 
and comprise pliocene beds, are found ranges running north and south, as 
the Khirthar and Suleman ; cast and west, as the Mari and Bhiigtiand the 
Afridi hills ; north-west and south-east, as the Pir Panjal ; north-east and 
south-west, as the Eastern Salt Range and Kharian hills ; and many inter- 
mediate directions may also be traced, independently of curved ridges. 
Similar difi'erenees of direction are to be found to the eastward of India. 
It is manifest, in the face of so much variation in strike amongst ridges 
of contemporaneous origin, that arguments in favour of the connexion 
between distant but parallel ranges should be received veiy cautiously ; 
and the establishment of eotemporaneous systems must depend upon 
more valid data than the direction of mountain chains. 

What the forces can have been that j)roduced the great disturbance 
and folding of the rocks manifested in the various mountain chains is so 
difficult a siil)joct, that nothing would be gained by discussing at length 
the various guesses — for they arc little more — hitherto put forward. ^J'he 
only point on which most modem geologists appear to be agreed is, that 
lateral pressure has been exercised ; and by many writers the lateral pressure 
is attributed to shrinking of the earth^s crust, through the cooling of the 
interior. It is evident, if this be admitted, that the pressure has come, 
in the case of the extra-peninsular ranges of India, simultaneously from 
various directions. Even the side from which the force has been exerted 
in each case is very far from easily determined, owing to the circum- 
stance that the contortion of rocks is due to two opj)Ositc and equal 
pr(\ssures — a moving force and a resisting mass — and it is not always easy 
to distinguish the eflPect of the one from that of the other. It has been 
argued by Suess,^ mainly from the resemblance between the phenomena 
exhibited by the Sub-Himalayan series, and csj)ecially by the Siwaliks, 
to the south of the Himalayas, and the features shewn by the mollafim 
to the north of the Alps, that the lateral movement, to which the contor- 
tion of the Himalayas is due, came from the north, in the same manner 
as the thrust in the Alps was from the south. This view of Suess, it 
may be stated, is in accordance with the observations of the Indian Survey, 
and founded upon them ; and if, as appears most probable, lateral move- 
ment be accepted as the cause of mountain-formation, the southward 
thrust of the Himalayan mass may be a correct explanation of the 
phenomena. The Northern Punjab, west of the Jhelum, as Suess points 

' Entstclmnp dcr Alpon, pp. 12fi — 144*. In this valiiiible work a good Burntnary of the 
views of previous writers will be found, and abundant references to the literature of the 
subject. Some remarks bearing on the same matter will be found in Prof. Martin Duncan’s 
Presidential Address to the Geological Society of London in 1877 : Proc. Geol. Soc., 
1876-77, pp. 67— C9.&C. 
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out., has evidently been affected by a force moving’ from a different central 
area, and not by that to which the strike of the Pir Panjal and the 
Himalayas generally is due. One indication of tins difference, and an 
indication which may shew that the commencement of movement was not 
contemporaneous in the two areas, is that, cast of tlie Jheliirn, in the Pir 
Panjal, there is a great break at the base of the eocene ; whereas west of 
the Jhclum a similar break, there attributed to a great fault, intervenes 
between lower and upper eocene beds. 

But the curves of the Salt Range, and especially the deep re-entering 
angle at the Indus, are so much sharper than those of the ranges to the 
northward, that, desi)ite the smaller degree of disturbance in the Salt 
Range, there must have been in this area a thrust, or series of thrusts, 
from the south. This latter force may, of course, have taken the form 
of resistance to the northern movement ; but it exemplities the difficulty, 
already refeiTcd to, as to the direction of the thrust. Again assuming, 
as in the absence of all indication of disturbance in tertiary times in the 
peninsular area we must assume, that this central area remained lixed, 
and the crust disturbances came from without, wc must suppose a lateral 
movement from the westward on the Western Sind frontier, from the 
northward in the Mari and Bhugti hills, north of Jacohabad, from the w^est 
or west l)y north again in the Sulcnuin, from the north in the Safed Koh 
and Afridl hills, from the north-west in the Hindu Kush and most of the 
Afghanistan ranges, from the north along the upper Punjab, between 
Peshawar and Abottabad, and from the north-east in the Pir Panjal ; from 
the northward throughout the greater portion of the Himalayas, from 
north-west (or south-east ?) again in the extreme Eastern Himalayas, and 
from the south-east in the parallel Naga hills ; whilst in Burma, as a rule, 
the thrust has come from the eastward. To the w^est of India, beyond the 
Sind frontiiir, for about 300 miles, the ranges strike cast and west, shew- 
ing a thrust from north or south ; thence throughout the greater part of 
Persia the direction of the mountain chains is north-west and south-east. 
The ranges of Baluchistan and Persia,^ it should be added, are largely com- 
posed of tertiary rocks, and may probably be of contemporaneous origin 
with the Himalayas. Taking the Persian area and that of the Himalaya 
and Tibet, it will be seen that the mountain ranges fall rouglily into two 
great curves convex to the southward ; hut the deeper western curve has 
produced tbe smaller mountain ranges. That a gigantic lateral move- 
ment has taken place in the apex of this western curve is, however, shewn 
by the fact that for nearly 150 miles between Gwadai* and Jiilk in 


Eastern Persia, I, pp. 1 — 17, and maps. 
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Bahicliistan the track traverses beds, all apparently of tertiary tigo, at 
rio^lit angles to their strike, and that all these IhhIs are vertical, or nearly 
so. Tlie c(mtraction in breadtli, or, in otlier words, the lateral movement, 
must have been great to have converted horizonial formations into a series 
of undulations, with dips so high as those seen in the Baluchistan ranges. 

Origin of Indo-Gangetic plain. — It would be unju’ofitable to enter 
inio further discussion on this difficult question : the hypotheses of moun- 
tain formation recpiire much to be added before they can be incorporated 
in the body of geological science, and considered as data on which to 
found inferences as to the history of the world. But before quitting the 
subject of the extra-]»eninsular hill ranges, a few words as to the origin 
of the remarkable Indo-Gangetic plain, from the outer margin of which 
they rise, may not be out of placic. The pojmlar conception of this plain, 
an idea repeated in numerous geological and zoological treatises, is that 
the area is an ancient sea, filled uj) by deposits brought in by rivers. 
This view is natural enough : the vastness of the ])lain, across which, 
even at its narrowest jmrt, the highest mountains of the world are barely 
visible, must strike even the most ordinary sj^ectator wilh its resem- 
blance to a sea-bed. The great contrast bet ween the Himalayan and 
peninsular formations, and the much greater prevalence of marine beds 
on the small accessible area of the northern region, also lend weight to 
the idea of a sea having separated the two. 

It should, perhaps, be admitttid at once, that, as in the majority of 
geological speculations, the evidence is imperfect, and the greater portion 
is negative. There is absolutely no proof of any sort or kind, that the 
whole Indo-Gangetic plain lias at any time been a marine area ; but 
there is equally no proof that it has not. It has been shewn that, in 
eocene times, the sea occupied the Indus valley as far as the foot of the 
Himalayas, and extended along what is now the base of the mountains, 
as far cast as Kumaun ; and also that marine conditions prevailed fo the 
north-west throughout a great part of the tract now occupied by tluj 
Assam range ; but it was also pointed out that, in the area between 
Kumaun and the Garo hills, no trace of marine format ions had been found. 
Yet it is diffi(nilt to understand, if the Gangetic plain was a sea-basin, 
why no marine beds occur. It is true that the northern border of the 
plain, throughout the most important part of the intervening space in 
Niqial, is unfortunately inaccessible to Europeans ; but still, if the Gan- 
getic plain in any way corresponds to an eocene sea, as the Indus plain 
doubtless docs, why are no traces of marine beds found to the south 
of the valley, on the margin of the peninsular area, as they are in the 
desert to tlie cast of the Indus ? In the Brahmaputra plain, also, no 
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marlno deposits of tertiary ai^e are found ; in the plain itself only flnviatilo 
deposits have been dei;eetcd, and the marine eocene and miocenc beds are 
confined to the southern slopes of the range, forming the southern 
watershed of the valley. 

It was shewn that the jurassie traps of the Rajmahal hills, west of 
the Ganges delta, were very possibly once continuous with those of 
Sylhet, east of the deltaic area; that the coast line, in cretaceous times, 
rail from the present eastern coast line of the Peninsula to the Assam 
Range ; and that tluu’e is no indication of any cretaceous bay running up 
the Ganges valley ; Imt, on the contrary, the absence of any marine depo- 
sits between Rajamahendri and the Garo hills rather iiulicales that the old 
coast line ran across what is now the Ray of Bengal. It is far from 
improbable that the niinimulitic coast line approximately coincided with 
that of cretaceous times, as the (tretaceous shore nearly followed the old 
line traced in the upper Jurassic period. Miocene marine deposits are to the 
eastward similarly restricted to eocene, and more so in Western India. 
As already nola’ced, it appears certain that those tracts in the Punjab, 
which had been mariiuj in eocene days, were land in the miocenc epoch 
and in later tertiary times : the immense thickness of upper tertiary beds 
of fresliwaU;r origin, now ujiraised along the western and northern border 
of the Indo-Gangetic plain, from tbe mouths of the Indus to the eastern 
end of the Assam valley, negative the idea of marine conditions. The 
occurrence of tljt- same mammals in the pliocene beds of the Sub -Hi- 
malayas and of Porim Island has already Wm noii(;ed as evidence of land 
communication l)ctween the two areas. Amongst still later heds, the post- 
tertiary formations of the North-West Provinces arc clearly river dej)osit-s ; 
and in Calcutta itself, wdthin the tidal creeks of the delta, a boring to a 
depth of 480 feet, 4(50 being beneath the j)rescut sea-level, traversed beds 
in which the only fossils observed were terrestrial or fluviatile. These 
beds, moreover, comprised gravel too coarse to have been deposited in an 
open sea ; whilst at 885 feet from the surface a peat bed was found, 
clearly of terrestrial origin. All tends to shew the gradual depression of 
au area composed of fluviatile formations throughout all the later 
tertiary ])eriods. The sea may, at times, have extended some distance 
from the present coast; for it is improbable that sinking and the deposi- 
tion of sediment can have gone on so evenly, and that land only Just above 
high water has always been kept at the same relative level, despite ages 
of depression ; hut there is nothing in the data known to indicate marine 
deposits. 

In the neighl)onrhood of the Indus delta the sea probably (‘xt, ended 
some distance inland at a late i>eriod ; and both Cutch and Katty war may 
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have been islands at a very recent geological cjK)ch. It is clear, however, 
that the two species of Siwalik elephants, and the buffalo found in the Nar- 
bada gravels, could not have traversed the Indo-Gangetic plain, liad it been 
oceu]>icd by the sea in pliocene or post-jdiocene times. Jt will be seen 
that tlic number and variety of data opposed to the idea of a sea having 
intervened in the place of the Indo-Gangetic plain between the reninsula 
of India and the remainder of Asia during or since the tert iary ei)ocli are 
considerable, and all the facts are adverse. It must also be manifest that 
there is no evidence that any such depression as the Indo-Gangetic plain 
existed in pre-tertiary days ; for if it had, we should probably lind marine 
Jurassic or cretaceous rocks along the foot of the Himalayas, if not on 
tlie margin of the peninsular rock area also. 

Thus we are brought in face of a very important conclusion; and it 
becomes highly p reliable that the Indo-Gangetic depression is of contem- 
poraneous origin with the disturbance and contortion of the Himalayas 
and the other extiu-pcn insular ranges, and that the physical features of 
the two areas are closely connected. The coincidence in general outline, 
the parallelism in fact between the great area of depression and the 
ranges north, east, and west of it, tend to confirm this view. The plain 
of the Ganges and Brahmaputra continues along the foot of the Himalayas 
throughout; the Indus plain turning southward where the ranges in the 
Western Punjab and Sind run north and south, and the estuaries of the 
Ganges and Brahmaputra being similarly deflected in front of the north 
and south hills of Tipperah and Chittagong. It is not unreasonable to 
b(dicve that the crust movements, to which the elevation of the Hima- 
layas, and of the Punjab, Sind, and Burmese ranges are due, have also 
produced the depression of the Indo-Gangetic plain, and that the two 
movements have gone on pari passu. That the dc2)rcssioii of the deltaic 
area of the Ganges is still in progress, is shewn by a series of facts, 
of which the evidence allbrded by the Calcutta bore-hole is one ; and 
it h.as already been suggested that the disturbing forces affecting the 
Himalayas arc still in action. 

Now, there is a theory, originally attributed to Prevost, but largely 
adopted and modified by later geological writers, that the elevation of 
mountains is due to the depression of a neighbouring area. It is clear 
that if an arc of a circle tends to become flatter, and to apj)roximate to 
a straight line, the horizontal extent must be increased, because eveiy 
arc of a circle is longer than its chord. If one portion of a rigid circle 
be slightly de})rcssed, a neighbouring portion, being comi)rcssed into less 
horizontal space, and having in fact the length of its chord diminished, 
must bulge out. Applying this fact to tlic earth^s surface, it is clear 



ORIGIN OP INDO-GANGETIC PLAIN. 


Ixiii 


that the depression of any portion would produce lateral thrust, and this 
might cause the bulging of a neighbouring area. Of course, there is 
a limit : after a certain amount of depression, the arc and chord would 
coincide in direction, and farther depression would cause the surface to 
take up less space horizontally, instead of more. The dc])ressioris have 
been called gcosynclinals, and the elevations gcanticlinals by Dana. 

At first sight it would ap])ear as if the theory, as applied to mountain 
formation, depended partly on the assumption of the earth's internal 
fluidity ; but a little reflection will shew that such is not the case ; greater 
radial contraction of one segment of a sphere, or of one j)()rtion of any 
great circle intersecting the sphere, would depress the su-face; and if the 
superficial portion did not contract equally, would cause lateral pressure. 
It is assumed, it should perhaps be stated, when changes on the earth^s 
surfa(*c are attributed to the shrinkage of the interior through cooling, 
that the crusf , having already cooled, would not contract in jiroportion. 

A very simple calculation, however, shews that the de])ressii)n, even 
of so large an area as the Ganges j)lain, could not have jiroduced the 
ehjvation of the Himalayas. The Himalayan belt, between the plains of 
India to the south and the line of the Indus and Brahmaiiutra or 
Sangpo to the north, has an average breadth scarcely, if at all, inferior to 
that of the Gangotic plain, even if the plateau of Northern Tibet be 
omitted from the calculation, and supposed to owe its elevat ion to move- 
ments in Central Asia. Assuming that both the Himalayan and Gan- 
getic areas originally differed but little in elevation, it is clear that the 
Himalayan portion of the arc of a great circle has been raised to the 
maximum height of the peaks, or 29,000 feet, in addition to all that has 
been removed by denudation. If the two arcs, that across tlie Hima- 
layas and that across the Gangetic j)lain, be approximately equal, in 
order to produce a lateral thrust suflleicnt to raises the former, the sur- 
face of the laf.tcr must be caf>able of sinking through about an equal 
distance. The amount is not exactly the same ; but in arcs of so small 
angular dimensions the diffcirence would be trifling. Now, the arc sub- 
tended by the Gangetic plain is about and the height of such an arc 
of the earth's surface al)ove the choid, or the distance through which 
the surface could sink and still produce lateral pressure, is only 7,000 
feet; whilst the difference in length between the arc of S"* on the earth's 
surface and the (hord of that arc is only about 120 feet. That is to 
say, the depression of the Gangetic plain could only have produced a 
lateral movement of 126 feet, and have raised the Himalayas to an 
elevation of 7,000 feet, provided all the lateral movement was expended in 
producing elevation. 
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It is llins evident, independently of the circumsi.ance that the lateral 
movement ai) 2 x^ars to have come from the north, that neither the eleva- 
tion nor folding of the Himalayas is due to the depression of the 
Gangetic plain alone. The formation of the Indo-Gangetie depression 
and of the Himalayas and other mountain chains is probably due to the 
same forces, without the one being in any way the cause or eflect of the 
other. 

Distribution of recent fauna. — There is still one question to be 
noticed before quitting the subject of Indian geological Iiistory : this is 
the light thrown by the distribution of living animals in different ])ar<s 
of the world on former connexions between India and other regions. 
The geographical distribution of animals has been very fully treated 1>y 
Wallace,^ who, following Sclatcr and some other naturalists, divides ihe 
surface of the globe into six groat regions : (I) the Paljcarctic, including 
Euro 2 )e, Africa north of the Sahara, and Asia north of the Himalaya ; 
(2) the Ethiojiian, comprising the remainder of Afri(* •* a., with Southern 
Arabia and Madagascar; (3) the Oriental, consisting of India, Southern 
China, Burma, Siam, &c., the Malay Peninsula, the Phili])j)ines, Sumatra, 
Java, Borneo, and the other Malay islands, to Wallace's line^^ Ixdween 
Bali and Lombok; (t) the Australian, comprising the south-eastern islands 
of the Malay Archipelago, Celebes, New Guinea., Plures, Timor, &c., 
Australia, New Zealand, and all the islands of the Pacific as far cast as the 
Sandwich, Marcpiesas, and Low Archipelagoes ; (5) Nearctic? ; and (0) 
Neotropical, a])proxlmately corresponding to North and South Americia. 

The classiiieation adopicd is open to some objections : the regions 
named are by no means equivalent to each other, and it is a question 
whether several do not recpiiro further suh-di vision. The diffeixuiees 
between the Indian and Australian faunas, although the two regions are 
only sejiarated in places by a few miles of sea, are v(uy much gi-ealcr 
than the distinctions between the animals iiiliahiting the comparatividy 
distant Oriental and lllthiopian regions. Several other classifications 
have been proposed by Murray,- Blyth,*^ Von Pelzeln/* and otliers; all of 
whom agree in classing either the whole Oriental region, or a jiortion of 
it, in the same great sub-division with Equatorial and Soutliei*n Africa, or 
(dso in distinguishing Peninsular India as a region ajiart. There can be 
no question about the existence of a marked distinction between the 

* 0 (‘ 0 «:rn])liic!il Distribution of Auiinals. 2 vols., 187G. 

- (a'o^nipliicnl Distribution of Msiuiiunlia, 1 vob, 18GG. 

•* “ Naturr/’ 1871, March 30, p. 427; Jouru. As. Soc., IJoiigal, 1875, |>t. 2, extra iiuiiibcr ; 
Iiilr(»(luctiou, p. xiv. 

Afrika— Indie ii : Vcrb.k.-lv. Zool. Rot. Gcscllscb., Wien., 1875, p^i. 62, «tc. 
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fauna of the greater part of the InJiaii Peninsula and that of 11 le 
countries east of the Bay of Bengal ; but as the question is an oj)cn one, 
it is convenient to adoj)t Wallaee^s nomenclatui'e (ind limits for the 
I)resent, so far as the great regions are concerned. It must, therefore, 
be understood that the territories and dependencies of British India, 
with the exception of the Himalayas, above about 7,000 to 10,000 fijct 
elevation, are cljissed as belonging to the Oriental region ; the higher 
portions of the mountains, together with the trans-Himalayan countries, 
belonging to a province of the Pakiarctic region. In North-Western 
India, however, there is so large an admixture oi* Pahearctic forms, 
that no definite line can be drawn between the two faunas ; Kashmir, 
for instance, and the North-Western Punjal) nc.ar l\?shawar, having 
almost an equal pro])ortion of types belonging to the two. 

It is, liowever, impossible to assent without modification to the sub- 
divisions or sub-regions of the Oriental region propos(;d by Wallace. Tiny 
are four in number: (1) the Hindustan or Indian sub-region; (H) tlui 
Ceylonese and South Indian ; (3) the Himalayan or Indo-Chinese; and (-I) 
the Jndo-Malayan. The Himalayan includes Siam, Southern China, and 
all Hurina, except the extreme southern portion of Tenasserim : the latter, 
with the Malay Peninsula, ludongs to the Indo-M.alayan sub-i'cgion. 7his 
divisicn between the two sub-regions, so far as ih'itish territories are con- 
cerned, is correct; and the minute details of the great Indo-Chinese sub- 
region are not of so much geological. interest as the distribution of the 
fauna in the Indian Peninsula and its outskirts. Prom Wallace’s Indian 
sub-region tlie Indus plain and the desert to the eastward must be 
separated and classed with the Baluchistan coast-land as a distinct sub- 
region, having a characteristic dry climate fauna and flora, mth a large 
intermixture of Pahearctic forms ; whilst the limits of the Ceylon and 
Southern Indian province require alteration. This sub-regron, a very 
iinj)ortant one, witli a peculiar fauna, having sonuj marked affinities to 
that of the Malayan countries, comprises the whole AVestern or Malabar 
coast of tlie Peninsula, from north of Bombay to Cape Comorin; but not 
the central highlands nor the Coromandel ct)ast, although several isolated 
hill -groups, such as the Shivarais, south-west of Madras, possess, on their 
higher elevations, a Malabar fauna and flora. This sub-region is better 
distinguished by the name of Malabar; it comprises the hills of 
Southern Cejdon, but not the plains forming the northern portion of the 
island. 

It is of course unnecessary to enter here at any length into the pecu- 
liarities of the fauna : the points to which attention is desirable is such , 
evidence of former connexion with regions, now scpai*ated by ira])assable 
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Jian-icvrs, is l»v tlu? oxistonoc of allied animals. As iTiii»lit 

W a ft‘\v Palieaivtie f<irms are oommon in iliosi? pads ol* iho 

Oriental noiwest t^i the Pa\a-aretu* l>oiiiul:iiy, and the mimlior of 

h !\*rins diminishes to the sonthwaitl. 

The im]>ortamv of these types is derived from the fact, Unit they 
n>|Utre evin fnl dislinetion from Kthk»j>ian ^‘enera; h>r there is a similar 
:idiin\ture Pal v.irrtie f.u*ms in the Ethiopian ri\L^ii»n. In the same 
ijiaiiiu r se veral dist im lively Malayan ami Mimalayan forms, of l)inls 
<-{H. Killy, are e^.mmoii in the Imlian PeiiiriMiIa, independent ly of lh<^ 

] • -ui’.ar ivTms with Malay atlinitias in the Malahar suh-reii;*ioii ; and it is 
]‘ri hal»le that ]Malay:iu tonns are, in uuiny eases, ivt ent iiiimiL^ranls. 

Mammals and re]>tih‘s, owin*^ to their more limited powers of iniu;*ra- 
tion, alTord hettt‘r imlieations td* a for^ier <'onlimiity of land than birds ; 
whilst freshwater iislies and (»tlie^an j^ials inliahiliiio* rivers and lakes 
sullVr from the serious <lisadviin»e that, whilst tlu; exael inetliod hy 
which tliey, or their ova, are transjlprted, is m>t eli^arly understood, there 
is IK) doul)t that they are eapahlo of being carried alive fiom one piece 
of water to another hy some natural agency, lienee the limits to their 
range are iY)n])erfcclly known. The past history of land invertebrates is 
loo imperfectly ascertainc*d for the facts of tluar present distrilnition 
to he e(pudly iiiielhgihU* with that of vertebrates. On the whole, al- 
though the ])ast history of mammalian verlehrates is still very im])er- 
fectly understood, it probably affords more data by which the prohalilc 
migrations and origin of living sjiecies can be traced, and inf(;renees drawn 
as tollie original dislribntiou of land, than does the existing knowledge 
of any other class of animals. 

Etliiopian affinities of Oriental mammals.— Comparing, then, 
tin* mammalian faniia of the Oriental region, as a whole, with tJiat 
of the tliree neighhouriiig regions, it will be found at once, that 
the strongest adinilies are with the most distant of the three — the Ethio- 
pian. Out of do families of terrestrial Maw/malia ascrilied to tlie Oriental 
i-egion by Wallace, four are ])eculiar, or nearly so, viz., Tarmdoi, Galeopi- 
ih(ri(l({‘y TnpaiadfC, and AUnrtiUv. ; one, Tapincht', is found also in tlieNeo- 
trojiieal region only, and six only (excludiiig stragglers in Celebes, and one 
or two of the other islands having an intermediate fauna) are found in the 
Australian region ; four of these being bats, and a fifth, Suul(£, only ex- 
tending btyond the eoiifines of the Oriental region as far as New Guinea; 
so that the only tcnvslrial >vingless mammalian family coranion through- 
out is the almost eosniopolitan Mitridtc. 'The numherijf Orieutal families 
• found in llu‘ Pa];earetie region is 21, whilst no less than 2S are eoniinon to 
the Oriental and Ethiopian faunas. Omitting sucli eosmopulilan families ' 
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as VespertilionideBy Soricida, Mtirida:, Felidm^ &c., the numbers are 13 and 
19. The families found in the Oriental and Palajarctic regions, but. 
not in’the African, are Talpidce, almost confined in the former to temper- 
ate portions of the Himalayas and some otlier hill ranges, JJrsidm and 
Ccrvidre. Tlic families found in the Oriental and Ethiopian regions, but 
not in the Pala;arctic, are SimiidcB, Semnopilhecid(B, LemuridcB^Pteropida, 
NodlUomda*, ManatidrCy RJiinoceroUda ^ Tragulidm, Elephaniidre , and 
Mauidi(he, A species of SemnojulhecMcc is found at a high elevation 
in Eastern Tibet, and another species ranges above most Oriental forms 
in the Himalayas ; but in ncitlier case can the animal be said to inhabit 
tlie Paliearetic region. 

Of these familiosj the bats and dugongs maybe neglected ; the other 
families recpiire a few words of notice. are wanting in the 

Indian Peninsula, Ceylon, and the Himalayas. The Semnopilhec'uUe occur 
^v^r,most throughout the ngion ; the are represented by one genus 

con lined to Sonth(u*ii India and Ceylon, and l)y a second genus in th(* 
countries east of the 15ay of Bengal: none occur in the Hima-Iayas, nor 
in the greater part of Peninsular India. The lihinoceroibhc are unlvnown 
wild ill the Indian and Malabar sub-regions ; the Trag tdldoi repre- 
sented by one genus or sub-genus in India and Ceylon, and by another in 
tlio countries east of the Bay of Bengal : this family, also, is not repri*- 
sented. in the Himalayas. The Idephantulm and Mauldidre are m(>rt^ 
generally disliihutid. The lllumceroiMfB 'and Mlepfianlidm had so 
extensive a distribution in the later t(*rtiary period, that they furnish no 
inference of iiniiortancc as to the former eonnexiou of land areas ; llie 
aiK'estor of the existing Oriental species might have been derived from 
either the Pahcaretic or Etliiojiian rc'gioji. 

One remarkable facd may be gathered from these few details ; and t his 
is, that the peeldiaiiy hhhiopian families are better rej*rescnted to the 
south and east of the Oriental region than to the north-west. The orangs, 
the neariNst allies of the African Slmihlre, are only found in Siimatj-a and 
Borneo; the lemurs are wanting throughout the iiortlierii portion of the 
region, and so is Tragulm, These forms, in fact, ajijiear more or less 
isolated, as tliougli they had formerly had a more extended range. The 
same thing oceurs in Africa. The only Ethiopian representative of the 
TraguluUe is confined to Westxiru Africa ; and so are the two genera of 
lemurs most nearly allied to the Oriental forms, and the African repre- 
sentative of the ty])ieally Oriental genus Paradoxurm, The Simrida, 
too, are confined to Western and Central Africa. Another curious instance 
of the isolation of ty[)cs shewing affinity between the African and Malay 
faunas consists in the occurrence iii Celebes, beyond the limit of the 
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true Orienttil region, and associated with a mixed Oriental and Australian 
(Austro-Malay or Papuan) fauna, o£ a monkey, Cf/nopUUecns, more nearly 
allied to tlie African baboons than to any of the Indian and Malay species. 
The same island possesses the peculiar bovine form Anoa^ allied to a 
bufPalo. 

These cases of isolation probably indicate that the animals belong 
to an older fauna, now partly replaced by newer types, and that this older 
fauna was common to India and Africa. It is very probable that these 
animals arc descended from the ancient tropical fauna of tlie early ter- 
tiary times. But, so far as it is possible to judge, the process of variation 
would have caused a greater distinction between forms so widely separated, 
and exposed to such different conditions, if the period of isolation were 
great ; and it is difficult to su])posc that the lands inhal'ited by tlie ancestors 
of the Simruhn, Lenmrldaiy Traffiiliday and Manldidm of the -Oriental and 
Iilthio2)ian regions can have been separated prior to the early part of the 
inio(Jciie pci’iod. 

It must be rememborod that the whole evideneo is far more extensive; 
the mammalia are merely selected as affording the best examj)les. It 
may reasonably be inferred that during part of the early tcaiiary period 
India was united to Africa, and the union may have been continuous from 
tlie cretaceous period to iniocene times. The course of the old continent 
may perba])S be traced by the Maldivc and Chagos archipelagos, ai>d by 
the banks between the Mascarciie islands and the Seychelles. That 
I)ortions of the old land remained, broken up into islands, long after the 
connexion had been severed, is probable from some peculiarities amongst 
the birds of the Seychelles and Mascarene islands : thus the genus 
pelrs, a (‘haracteristically Oriental form, is represented in Madagascar, 
Bourbon, Mauritius, and the Seychelles; and CopHi/c/ms, an equally typical 
Eastern genus, oc?curs also in Madagascar and the Seychelles. It is 
easily conceivable that birds should fly, or be blo^vn, from island to island 
long after the distance was too great to be traversed by mammals. The 
circumstance that the mammalian fauna of the Oriental region shows 
loss affinity with Madagascar than with that of the African continent, 
is pciha])S due to Madagascar having been separated before the sub- 
mergence of the land coiinectiug Africa and India. 

Hie southern jiortion of the Indian Peninsula with Ceylon may have 
bo(‘n united to the Malay countries in tertiary times, perhaps later than 
with Africa. This, however, is not clear ; despite some remarkable points 
of affinity to the Malay fauna, there are very remarkable differences; and 
when rojircsentative forms arc found in Southern India or Ceylon and 
in the Malay countries, such forms are frequently, jierhaps most fre- 
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qiiQiitly, generically distinct. One of the most singular cases of generic 
alliance is the occurrence of a species of Draco, a Malay genus of lizard, 
in Malabar ;■ but this is exceptional. Most of the gcmera of Ceylonese 
and Southern Indian lizards and snakes arc peculiar ; and one family of 
snakes is confined to the sub-region, and to some hill tops in Southern 
India. So far as the sea bottom between Ceylon and the Mala.}’' ai’chi- 
pelago is known, there is nothing to indicate a former continuity of laud 
in this direction; and the- similarity of the fauna may perhaps have 
another explanation. 

Ethiopian affinities of Indian mammals. — The aifinities with 
the Ethiopian fauna hitherto mentioned are those of the Oriental region 
generally, and arc, as already noticed, perhaps more marked in the southern 
part of that region than elsewhere ; but, besides these, there are some 
very curious and j)rominent relations between the mammals and other 
animals of Africa and those inhabiting the Indian Peninsula alone, and 
not represented by any allied forms in the other Oriental sub-regions. 
As examples, the common antelope, AntUope, the nilgai, Dortax, tlie four- 
horned antelo]ie, Tctriicerm, and the ratel, or Indian l)adger, M ell Ivor a, 
may be . quoted. In the case of Mcllivora, the resemblance of the 
African and Indian forms is very great ; but the antelopes arc gcmorically 
distinct. * None of the animals mentioned is represented by allied species 
in Baluchistan or Arabia. These alliances to the African fauna may 
indicate ihat the Peninsula of India was united to Africa after the Malay 
countries had been severed ; and if so, the evidence just quoted in favour 
of a later union between Southern India and Malayasia must receive 
some other explanation ; but the Indian antelo]:)es may very possibly bo 
descendants of forms inhabiting the region in pliocene times ; and the 
resemblance of these animals to Ethiopian types may be due to the im- 
migration, as already suggested, of a closely allied fauna into both India 
and Africa at the close of the miocene epoch. 

A third class of Ethiopian affinities in the fauna of Peninsular India 
is exemplified by the Indian gazelle and Jerboa rat {(rerOillus). In this 
case, however, closely allied species arc found in the intervening countries 
and in the southern Palsearctic region ; and the migration into India may 
have been posterior to the glacial epoch. 

Affini ties of land shells- — It should have been mentioned that 
the affinities of Oriental genera of land shells, and especially of the 
operculatc forms [Cf/clojphoridcR and Helicinidcc) , indicate an alliance with 
the Australian, rather than with the African fauna. Some genera 
certainly have extended to the Mascarene islands, Madagascar, and Africa ; 
but they probably went from east to west, as the number decreases to the 
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westward Lmul mollusen are veiy }x>ssibly of high aniiqniiy ; and tlic 
resonihlancc in this case may he duo to the older mesozoic coimmwicatinn 
between India, and AnstraJia. The mode of mi^n-ation of these anima/s 
hy however, imperleetly understood. 

Survival of older types in the Indian area. — Tin's is i^erh/ips 
the most eonveiiieiit ])lace to eall attention to tin; survival of forms in 
India to a later period tlnin in Europe ; several siudi insbine('s of ])ro- 
tonjj^ed exisienee have been notieed, and they arc not ])e(‘uliar to any 
parti(‘ular j)erlod of <:»'Oolo”‘i(*al time. Amongst the eases hith(a*lo 
recorded is the ap])earance of J///pcro(l(/prJon, a triassic n'jdile, in Indian 
beds of middle or u]^]>or jurassie ai»*(‘, and ihe oeeurrenee of the triassicj 
CerafoilnSy and of soTne liassie i^enera of fish iii fbii same beds. Then middle 
jurassie plants in Euro ])0 occur in n}>per jurassie beds in India; Giohon 
ammonites, not known above the Irias in Enro])e, are found in middle 
eretae<M>us rocks in India; ^IrtjalomnrnH and an amphiemlian crocodile, 
not found above lower erefaeeo us in the former area, are met with in 
up])er cretaceous strata in the latter. Ibe aj)pearance of iniocfone 
Ihiropeaii forms in the jdioceue Siwaliks, and the existence at the present 
day of mammals, like elejdinnts and rhinoceroses, on land, and of 
numerous marine mollusean <:;*enera in the seas of India, lon^ after tluy 
have disa]>])eared from the Ihiropean area, are addiiional i‘xamp]es. Ibe 
eases are not sutllcicnitly nuinerous to indicate any law of rnii^ration from 
nortli to south, nor is the tendency to survival in India nm‘vors[il ; for, 
on the other hand, Vitlizia hcicr<>pJif//la and the other Karharhari plants 
])rohahly occurred in India hefore they appeared in h]ui' 0 [)e; and several 
jj^enera of Gadrropoda that ahound in the Indian upi)er crcdaeeous beds 
are not found in Europe in older rocks than eoeeno. Still tlic instances 
of survival of okhir forms in India are siitlicieiitly numerous to he 
worthy of mention : how fa.r they are due to the ii*o])ieal position, or to 
the i^reai antiquity of the land ar(»a, it is difficult to say. 

Glacial epoch. — Amongst the most potent disturhing causes that 
have affected the fauna of Intlia in late geological times, the general 
refrigenition of the area in the glacial epoch has in all*])rol)al)ility played 
a conspicuous part. The former extension of the Himalayan glaciers 
has 1)0011 shewn to have been considerable ; and tlie oeeurrenee of Hima- 
layan plants and animals on the higher ranges of Southern India may 
be due to the retreat of these species in the first place towards the 
equator, and subsequently, as the tcmj)crature increased, to the higher 
parts of ihe hills. As examples, the oeeurrenee of a Himalayan rhodo- 
dendron, of a wild goat allied to a Himalayan species, and of several 
Himalayan laud shells on the Nilgiri and other Southern Indian hills 
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mny lx* mentioned. Thg isolation of such forms of the .'incient liido- 
Af rican fuiinii ns the LrnmndfC., iind Tmfjnlhlfe may liave been due 

tlic irrujdion of tlio Siwalik fauiia^ in ))llo(*eiie times; whilst the 
hitter, in its turn, has been impoverished, anil to a jj^roat extent (;xter- 
mina<(‘d, by the increasinu;* <*old of the £4'l:ii‘ial (‘poi'li. It is easy to 
undersfaiid how the remain ini;’ descendants of the old niioeene fauna 
may liave lieen driven to the tropics, and iliat thus tlieii- absence in the 
norlhern pait. of the Oriental region has beini caused. It is not impossi- 
ble that the distinction between the Malaliar and IVlalay faunas has l>een 
inten.sili(‘d by tludr separafion, duo to the climate of Noilbern iiidia 
having- bix*n tix) cold for them in the glaeial ejioeli. 

Sub-recent changes of level. — The evidonee of reeent ehanges 
in (‘levation on the sliores of the Indian IViiiiisiila, and also to tlu? west- 
ward, along the Makran coast, and to tlic cast of the Hay uf Bengal, on 
the shores of Arakan aud of the islands in the Ihiy, indicates a riscj of 
land. In ])laees depression to a small extenl lias also takiMi place ; but 
tins is uniisual, and ajiiiareiitly local ; it is singular, bowever, that evi- 
diaice of dejut'ssion is found in one instance, in Bombay Island,^ within 
a mile or two of laud, whieli has apparently been raisixl. 'Jlie Saliyadri 
scarp, at a little distance from the west coast, lias much the a])|)ea ranee 
of an ancient sea-clili‘, and may jicrhaps indicate a. former coast- line ; 
but ibis is far from certain. The circumstance, lluit the low-levid hite- 
rite in tlio ncigbbiRirliood of both coasts rests u])on a sloping* planii of 
ro(-k, apparently formed by marine deuudation, in all jirobability indicates 
(ilcvatioii at no distant period; the laterite in cj nest ion being certainly 
post.ctertiary on the cast coast, and jirobably on the western also. The 
(‘hivat-ion on tiie west- coast may probably have been greater than on the 
cas1i*rn, as tlie laterite near the coast is raised to a higher level ; mid in 
the great rivers rinming westward, tile Ta|)ti and Narbada, hii-ge jilains 
of post '-tertiary de])oslts are found, one of wliicli <;ertainly has been 
aeeuniulated in a roek-basiii, whilst no such ])lains arc found in the rivers 
running eastward. 

Along tb(? Malvran eoa,st;, to the west of India, there is a sub-marino 
cliff, at a distance of about 10 to ilO miles from the sliore. This cliff 
extends from a little west of Capo Moii/.e to the eutraiiee of the Persian 
Gulf, and is about 2^000 feet high ; the depth of tin? sea increasing more 
oricss suddenly from* 20 or oO fathoms to oOO or lOO. Witliout further 

• * 'riio (‘viilmc’t* of dcprcrsslon Lsis noticed since ])p. 37ii-o77 wc»*c printed off, and 

consists oi* the discovery of a lar;;^c number of trees, imbedded in mud on Ibe spot where 
tlu*y ^rew, with their roots at a dfpth of twelve feet below low-water mark, on the 
oMsUnm or harbour side of liomhay Island, llec. G. S. ]., XI, p. 302: Similar evidence was 
recorded, some years by iJr. liuist. 
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details, it is cliffioult to saj^ wlietbcr this sub-majrine elifE indicates depres- 
sion : sucb would be tbe natural interpretation of tlic pbenomenon, and 
it is, on tbe whole, most probable that a former coast line of sea-cliffs 
has been depressed ; but there is, in several places along tbe coast, evi- 
dence of recent elevaiion, in the shape of raised shell l)eds, &c., and there 
is a possibility that the line of sub-marine cliffs may be a fault:. On the 
Arabian coast of the Gulf of Oman, however, about ]\Iuscat and the 
Sti aits of Hormuz, there is abundant evidence of depression at no distant 
period. The depressed area in the ocean south-west of India, as indi- 
cated by the Laccadive, Maidive, and Chagos atols, has already l)eon 
noticed as possibly indicating the area of the ancient land communication 
between India and Africa. 

Previous summaries of Indian geology : Calder, 1833.— Be- 
fore concluding this Introduction, a brief notice of former general des- 
criptions of Indian geology may be useful. Siu-h general accounts arc 
iiul numerous, and a reference to them will nrd take much space. 

The earliest atteinid at a sketch of Lulian geology was written l)y 
Sir. James Calder, and forms the tirst j)aper of the Eighteenth Volume 
of the Asiatic Researches, published in 18;b‘b This volume is chiefly 
composed of g(*()logical papers, and to these Mr. Calderas forms, as it 
were, an inlroiluetioii. In this account, which oecu|>ios only 2S pa^ep, 
the general distribution of tlie overlying traj) formation in Western and 
Centnil India, and the great ])revaleiiee of granitic and giiois.sic foj’ina- 
tions both in the Peninsula and throughout tbe Himalayas, are correctly 
indicated ; but, as might be antieijjated, the knowledge of the sedimentary 
formations of India was at that time very im])ej*fcet. The writer pusses 
the different provinces in review, noting what had been ascertained 
as to tlie rocks occurring in each case. 

Newbold, 1844-1850. — The next account refers to the southern part 
of the Peninsula alone; hut it is the work of one of tlje best, if. not 
actually the best, of the earlier Indian geologists ; and it has the' pecu- 
liar advantage over all other summaries published up to the present time, 
that the author possessed an extensive personal ac(juaintance with the 
country described. Captain Newbold^s Summary of the Geology of South- 
ern India is published in Volumes VIII, IX, and XII of the Journal 
of the Royal Asiatic Society, and treats of the area south of Bombay 
and Gan jam. T.he various formations arc classed as the Hypogene series 
(the mctamor])hie rocks of tlie present work); diamond sandstone and 
limestone (including the transition and Vindbyan series and some Gond- 
wdiiabeds); the fossiliferous limestone of Pondicherry” (cretaceous); fresh- 
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water limestones and cherts (intercalated with the Deccan traps) ; laterite, 
with which are associated, in one section,, the Pondicherry silicified wood 
dq)Osit (Cuddalore sandstone) and the marine sandstone beds of Ramndd 
and Cape Comorin ; older alluvium, including regur and kankar ; modern 
alluvium and sand dunes ; plutonic rocks (granite, greenstone, &c.) ; and 
newer or overlying. trap. 

The most important error in this classification was the association of 
the rocks now classed in the Gondwana sj-^stem with the ancient “diamond 
sandstone of transition or Vindhyan age. This ap])ears due to Captain 
Ncwbold^s having no personal knowledge of the Gondwana beds, and to 
their having been confounded with the older rocks by previous observers. 
Most of the observations recorded in the Summary are admirable -; and 
altogether the paper is so valuable, that the neglect with which it has 
been generally treat(jd, and the much greater notice attracted by Dr. 
Carter^s account, are not easy to understand. Captain Newbold^s observ- 
ations will be frequently noticed in the present work. 

Carter, 1854. — Dr. Carter^s “Summary of the Geology of India 
between the Ganges, the Indus, and Cape Comorin,^*' first published in 
1854 in the Journal of the Dombay Branch of the Royal Asiatic Society, 
Vol. V, pp. 179-835, and republished with additional notes in 1857 in 
the author^s very useful reprint of “ Geological Papers on Western India, 
is a coinpilatior. great merit, and is much more generally known, in 
India at all events, than Captain Newbold^s description of the geology 
of Southern India ; but it cannot be said to equal the latter, either in 
accuracy or originality. Dr. Carter^s Summary treats of a larger area 
than Captain Newbold^s — of the whole of Peninsular India, in fact ; but 
it suffers from the serious disadvantage that the author was personally 
acquainted with but an extremely limited tract in Western India, that 
he had never seen the vast majority of Indian foimations, and that he 
was compelled to take the whole of his description from other writers. 

The rocks of the Indian Peninsula arc classed by Dr. Carter in 1 3 
sub-divisions : (1) The Primitive Plutonic Rocks ; (2) Older Metamorphic 
Strata; (3) Secondary Plutonic Rocks; (4) Cambrian and Silurian Rocks 
of McClelland ; (5) Oolitic Series ; (6) Cretaceous System ; (7) Eocene 
Formation ; (8) Volcanic Rocks (Trappean System, first series) ; (9) Inter- 
trappean Lacustrine Formation; (10) Volcanic Rocks (Trappean System, 
2nd series) ; (11) Miocene and Pliocene Formations; (12) Post-pliocene 
Period ; (13) Recent Formations, This classification is inferior in accuracy 
to Captain Newbold^s. It was an unfortunate mistake to class the Gond- 
wana rocks with the Transition and Vindhyan formations ; but it was 
still more erroneous to call the latter “ oolitic.^^ Dr. Carter, depending upon 
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the (Ies(‘n|)tioiis, tried to elnssiiy the different dejiosits of Lis “ Oolitie 
series in tlir(»e i^roupSj ternuxl respectividy Tam^ Kattrn, and raniia, 
from loealifies in Biindelkliand, and nmeh confusion has lienee arisen. 
^Jhe ('lassilication of the nietainor])hie rocks also is artificial ; and the sul>- 
(livision ol* the volcanic rocks into Iavo series^ Iho intercalalion of tlic 
iniertra]>])eaii lacvisf rine series hetween the two, and tlie posif ion assio*ned 
to ihe ecxxMie rocks below, instead of above the traps, ha ve all jiroved to 
be incorrect. Even where Dr, Carter was ])ersonaIly ae(|nainted with f he 
rotrks, his views have not always been eonfirnaxl ly subsequent r(‘S(;arch. 
'Jlius the traps of Ijoinbay and Salsette were class(;d as intrusive; 
wlaa’cas almost all other observers aiyree in eonsiderinn’ these beds as 
resting r(‘ii^ularly, with tiunr intercalated sedimentary beds, upon the 
older lava Hows of the D(‘ccan ; and there can be no doubt that this is 
the correct view, the dip of the Bombay beds being* due to disturbance 
after their consolidation. 

Attxuition is called t/O these grave errors in Dr. Carter^s paper from 
no wish to criticis(^ his work harshly, but because, owing to tin? numerous 
iraa-its of the Summary, his views have been widely ac(}(‘ptcd, and arc 
still (juoted as valid in recent works : for instance, in Dr. Leitliks descrip- 
tion of the geology of Bombay, just ])ublishcd in the Boiuhny Gazaileer, 
In many respects Dr. Carter’s Summary was a most valuable compilation; 
and, with the except ion of the mistake about the rocks ol‘ Ikunhay, all 
the errors w^ere due to tlu^ iinjxa-feetion of the ol)seTvations from which 
the work was compiled. The lahour of comjuliiig a general doscript ion 
of Indian rocks from the fragmentary materials available at the time 
was very great; and ly the compilation of his Summary, ly the re- 
jmhlication of the vati<^>us geological papers on Wcsti'rii India, and ly 
tlu* colleetioii of numerous valuable notes in tbo Journal of tbe Bombay 
Branch of the Boyal Asiatic Society, Dr. Carter gave most imiKutant aid 
to Indian geology. 

Greenough, 1854. — ]\Tr. Greenongb’s Geological Map of India was 
exhibited to the? Britisli Association in 1854, and published shortly after. 
^IMie author bad endeavoured to combine all published information as to the 
distriliution of Indian geological formations; and the result was a map 
wliicli did re|>reseut fairly the areas occupied ly some of tbe princi]»al 
fi>rmations, such as tbe im4amorpbie rocks and the Deccan trap; but 
which, owing to the very imperfect knowledge available at the time, was 
deficient in details, even with respect to those formations, and which con- 
tained many errors both in topography and the distribution of the rocks. 
Still the ma]), although it does not quite represent the knowhxlge avail- 
able at the time of its publication, is a very valuable record of the amount 
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proc'iiraMi* l)y a earol'iil r(^f*^)r(ler working Sii l^urope. In j)rosent;iiio- tlie 
iijjip to ilio IL'itisli Assofiatioii, Mr. Greenon^-l] g-avc a brief .slvctch of 
llio rocks known to occur in India. This sketch will be found atpa<**e 83 
of tin; transactions of the sections, in the Ite))ort- of tlie Twenty-fourth 
Meetini^ of the l^ritisli ^Vssociation, published in 1855. 

Later sketches.— Alt boug-h the date of ])nblieation of the last t wo 
works, ( -arter’s Snininary and (Ireenou^-li^s Ala}>, is postiM-ior to thatof the 
connnenceinent of regular survey o])erations under tin? late Dr. Oldliain, 
tlie work of surveying had eomineneed too short a time for tin* rc‘sults 
to be a|>j)reciable ; and the description and map named r(‘])r(‘sent, the 
former more ade([uately tlian the latter, the knowledge of Indian ^(‘olo.ufy 
(‘xlstin^' wlien systematic*, surveying- was eommt*nc(‘d. Surveys ol* isolated 
tracts had previously been made by Captain Herbert, ]\lr. Williams, Dr. 
MTMelland, Dr. Fleming*, and others for Govc.Tument ; but the regular 
exaini nation of the country can searcc'ly be said to have commenced 
b(‘fore 1851 , if indeed its origin should not be placed somewhat la ter. The 
only general descri])ti()ns since published are by various otri(*i‘rs <d; the 
Survey. A dige^stof the geologi(‘al information published up to the time 
was print<*d by Professor Martin Duncan for the use of students at 
Cooper’s Hill College, but was not published. A ])rief sk(‘t(h of Indian 
geology was given in Mr. H. F. lllanfoiHrs/^ lludiments of Physical Ceo- 
gra])liy for the use of Indian Schools.^^ Lastly, whilst the pnsiait work 
has been ])assing through the pniss. Dr. Wangen, who, like Mr. 11. F. 
Plan ford, belonged formerly to the staff of the Jndian Gt'ologieal Survey, 
has ])ublished a short g(;neral descrijdion of the geology of India, 
entitled ‘‘ Ueber die geographische A'ertheilung der fossilen Organis- 
men in Indii'ii” in the Denkschriften of tlu* Imperial Acathany 
oT Scieiices, A^i(*nna. All these j)apers are founded, like the ])resent 
work, on the survey observations, and conse(|uently require .no detailed 
notice. 

List of European formations. — In the following pages it will 
often be necessary to refer to ])avtieular beds iii.Euroj)e. The following 
is a list, arranged in the a(H;epted sequene,o, of the groups and minor form- 
ations, in England, Fraiiee, Germany, and some other parts of Europe, most 
commonly nd'erred to in geologiiM works. The list is taken in great part 
from that in LyelFs l^lleineiits of Geology, but is short(*r ; whilst a few 
formations, imj)ortant for the correlation of Indian rocks, are added, and a 
few foreign terms. The omission of all mention of a. group in any column 
by no m(?ans indicates the absonec of the formation in the eonntry to 
which the column ref(;rs, nor arc the groups noted necessarily exact 
equivalents of each other. 



Ixxvi 


OEOLOOT OF INDIA— INTUODUCTION, 




!v maiiT GcrmaD geologists the Wealden is classed as Jurassic. 
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Classification of animal kingdom.-r-For j^irposcs of rtTorcnce, mid 
as a k<*j SOUK' of llit* lists ol* fossils, tlie ri>no\vinj;* laMc, sli(*\viii^ tlio 
aiTan^vmeiii. of siil)kini»(]oins, olassos, siilu'lassos, jind orders ol aiiiinuls, 
may he iisefid. The* systiMii isilial oF Prof(‘ssor Huxley^ as proijosed in 
liis ‘Miitrodiietion to the Classiliealioii of Aiiiiiials.^^ 


St(hk'iu(jdums, 


Clitascs. 


I. VEliTKlJliATA . 1. Mammalia 


11 . MOhLrS(^\ 


2. Sai liorsiov (rr) Avvii 


Orders, 

/ Priinritos. 
]iis<*cli\oni. 

Uodcalisi. 

' I ! \ 

(\'t;uva. 

Sircuia. 

KiIiMilaiii. 

V Monotrciiiatii. 
r Saiiriinu. 

C (’arinalm. 

( (’r< (codilia. 
L{u*t*v1ilia. 


( Opliidia. 

Olirlonia. 

Iclithyosaiiria Kiialio- 
l’U*sit)^!iuvia. 3 sAuriii. 
J)i(‘\ iiodoiitia. 
riiTosauriji. 

V Diiie^aiivia. 

r rn.d.du. 

‘d, leiiTiiAorsiDiV (a) Aui)dtihia\ 

' ' ^ ] ( lyinnopliuma, 

^ Jjal)M'iiitbi)d(>nta. 

/ l)i]»n()i, 

I Kl.isiiiobraiicliii. 

(h) Vhics . {.i".""'''''!- 

I Alarsipobraiicliii. 

* l*liar> iis^’olirancliii. 

. . .[SxS;,,. 


1. CKrJlALt)POlU 


2. I’teuui’oda. 

I'l LAlotJAMlfiliOPODA or Vn1- 
•nuniaUt. 

4. (jASTKJfol'ODA (lJraiirhi(Kjits~ 

U nifnida). 

5. L \ M L L L 1 laiAN e^ I ATA {J\‘h- 
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{ CJtcnopLora. 

Cora-Iligena. 
r Ilydrophora. 

, 3 Siphonopliora. 

(. Disuophora. 

f Colcoptt'ra. 
Tlymeno^itera. 
Lepidoptera. 

Dipter.i. 

Hoini])tpra. 
StivpKiptera. 
Triclioptora. 
Neiiroptova. 

^ Orth(>])tora. 

^ Chiloj)(>da. 
Cliilognatlia. 
Arthrogastra. 
AraiuMoa, 

A ear! 11 a. 

Arctisoa or Tardigr.ul 
Pyciiogonida. 

^ Poiitastomida. 
f Podoplitlialiiiia. 
Braiicliiopoda.. 
Ostrairpda. 

P(*cto.sf)*aoa. 

I Stoinajioda. 
Kdrioplillial mia. 
Merostoiiiatii. 
Copcpoda. * 
'JVilobiia. 

J Cliiviopliora. 

C Discopliora. 

( Treinatoda. 

Tioriiada. 

Tnrbollaria. 

A(;aiithoco])liala. 

N^einatoidoa. 

Jiotifrra. 

, Echiiiidea. 
Holulliiiridca. 
Astcridca. 

Opliiiiridca. 

Crinoidoa. 

I Cystidoa. 

Edriasl^rida. 

^ Blastoidea. 


VII. INFUSORIA . 1. Infusobia. 

VIII. PROTOZOA . 1. Spongida or Spongtozoa. 

2. Radiolabia (inehidhig Polgvlsihia). 

3. RnizoroDA (including Poratnini/vra). 

4. Gbeqabinida. 
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CHAPTEE I. 

PENINSULAR AREA. 

AZOIC ROCKS GNEISSIC OR MKTAMORPITIC SERfES. 

Introductory remarks : — Tlirce-fold division of axoic rocks — Three ^leissic regions — Mniii 
region, soutli and east, including Assam — Bundclkhand region — Arvali region — A 
key section — General composition and distribution of ji/.oic rocks. Rundclkliand 
gneiss: Composition of the gneiss — The schists — Granitic veins — Qtiartx reefs — 
Trap dykes — Accessory minerals — Contiguous formations. Main giieissic region: 
Bengal area — Siughbhum area — Orissa area — Central I’rovinees — South Mahratta 
area — The Southern Koukan — The Waiu&d — The Nilgiris — Trichinopoli and Arcot 
— Assam area. Arvali. 

Introductory remarks.— In most couniries ilie disappearance of 
org:anic remains is gradual, as we descend in the series of stratified form- 
ations. The rocks become more and more altered, by compression and 
chemical transformation, from their original condition as sediments, 
and the organic forms they once enclosed have thus been obliterated. 
This general fact makes way for the opinion now prevalent — that the 
oldest known fossils are the descendants of forms for ever lost to 
observation. In India, as a rule, there is a very abrupt contact between 
the most ancient rocks which have been so much altered as to have 
become uniformly crystalline and other very ancient formations which 
have undergone comparatively little change; showing that the former 
had already been metamorphosed when the latter were deposited. There 
are also, in this country, some cases of gradual transition between 
the crystalline metamorphic rocks and the slightly affected strata of 
adjoining areas. We have, however, to pass through many upward stages 
of transition rocks, and to cross a great hiatus in the ascending 
sequence of formations, before we meet with the first trace of life in 
Peninsular India. 

In most countries, again, great gaps, such as that just alluded to, 
occur in the succession of stratified rocks. These breaks in the geologi- 
cal record are most surely indicated by a more or less complete change 
in the fossil contents of the deposits above and below them. The names 
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o£ the main divisions in the geological scale of formations — ^thc pala30- 
zoic, mcsozoic, and caenozoic— originated in this way. But very gener- 
ally these stratigraphical horizons are also well defined hy a strong 
contrast in the arrangement and distribution of the preceding and 
succeeding strata^ constituting what is called unconformii/y of the depo- 
sits so rclai^ed. There is a most marked relation of this kind between 
the fossil if crous and the azoic formations in India. The unconformity 
is so complete that the oldest beds of the upper series occur nowhere in 
contact with the younger members of the lower, thus showing that a total 
change in the physical geography of the region was effected in the interval 
between the iwo, and that the duration of that interval must have been 
great. Unfortunately, the want of fossils in the lower series deprives us of 
all such means of comparing them with the rocks of other countries as 
would enable us to determine the magnitude of the break by the scale 
usually employed ; a scale of which the divisions arc marked by a known 
succession of organisms. 

Several of the upper groups of the azoic series, of great thickness, and 
covering immense areas, are quite undisturbed and chemically unaltered ; 
so there is no ground for supposing that their fossils have been obliter- 
ated. They comprise, moreover, a great variety of rocks — sandstones, 
shales, and limestones— and many phases of deposition, thick and thin 
layers, often with beautifully defined ripple, and rain-markings. As yet, 
however, they have yielded no fossils, although very large areas have 
been closely searched. We are to this day ignorant whether the highest 
of our azoic rocks, the Vindhyan series, are contemporaneous with any 
fossil if erous paheozoic group, or whether they ai’e older than all rocks 
in which organic remains have hitherto been found. It is one of the 
puzzles and disappointments of Indian geology, for we must believe that 
the discovery will some day be made. This faith is not solely based 
upon the inference already stated, that life upon the globe was immensely 
antecedent to the oldest known fossils ; there are also positive facts to 
support it : — we cannot, indeed, assign a period for the lapse of time 
between the azoic and the first fossiliferous deposits of this region, but 
it is certain that the first fossil forms in these latter arc already more 
than half-way up in the known scale of life-progression, the greater 
portion, if not the whole, of the paheozoic era being unrepresented^ by 
fossiliferous dciposits ; and we know, from instances elsewhere of barren 
rocks overlying fossiliferous strata, that unfossiliferous deposits have 
been locally formed while life was abundant on the earth. The 
explanation of such facts is still obscure, there being no trace, in 
these barren deposits in India, of any ingredient prejudicial to life. 
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From the facts mentioned, we may surmise that an indigenous 
school of geology in India would probably have held very strict doctrines 
upon an absolute abrupt commencement of life upon the globe. 

Three-fold division of azoic rocks. — It is thus evident that the 
term azoic is applied here in a merely negative and provisional sense. 
The word affords, for the present, a convenient collective designation for 
an immense series of rocks, more or less related in sequence, which have 
to be described connectedly, and which are totally severed stratigraphi- 
cally from all the later formations of this great geological region. 
The base of the azoic series is the gneiss, the top is the Vindhyan form- 
ation, and between the two there are several well marked groups, or series, 
of deposits, having a great aggregate thickness. Some of these have 
certain characters in common, even at great distances apart, sug- 
gesting their close equivalence in time. It would simplify classifica- 
tion and description to assume this identity, and to stamp them with 
a common name, but these trenchant devices only end in complicat- 
ing matters, and making final adjustment more difficult. It will be 
better to speak of all ttese intermediate groups as the transition form- 
ations, distinguishing the several sub-divisions as belonging to parti- 
cular areas, or basins, and noting the relations of resemblance and of 
difference between them. We have thus the following three great 
systems of azoic rocks in Peninsular India 

3, — Vindliyan. 

2, — Transition or subinctamorpliic. 

1, — Oueissic or inctaiDorphic. 

The areas occupied by these three divisions of our primary rocks are 
very unequal. More than lialf of Peninsular India is taken up by the 
gneissic scries ; and the Deccan trap, a comparatively modern formation, 
which is the next most widely spread rock of this legion, is probably 
throughout a large part of its extent underlaid by gneiss. 

Three gneissic regions. — In spite of the numerous interesting 
problems presented by the metamorphic rocks of India, and although the 
area comj)Osed of these formations exceeds that of all other groups 
together, the study of the crystalline strata has necessarily been deferred 
by the Geological Survey until our knowledge of the newer* formations 
is more advanced ; and consequently we still know but little of the 
former except in the neighbourhood of the latter. It is presumable that, 
within the immense area of crystalline rocks exposed in India, there 
are, as elsewhere, metamorphic representatives of several groups of strata 
of different geological age ; but we can at present only indicate three 
sub-divisions which have more than superficial value. These sub-divisions 
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are probably to some decree distinct in geological age, and they occupy 
three distinct areas of very unequal extent. 

Main or Eastern area. — With the exception of a narrow strip of 
overlying strata in the basin of the Godavari, connecting the eastern 
sea -board with the spread of the Deccan trap, gneissic rocks extend 
without a break from Caj>c Comorin to Colgong on the Ganges, at the 
north-east corner of the rock-area of the Peninsula. The distance in a 
straight line is 1,400 miles, and the mean breadth of this gneissic tract 
is about 350. This immense expanse of ground, with a few inliers 
exposed by the removal of covering strata in midland India, must form 
one of the divisions indicated, the interruptions to continuity being 
only superficial. For the same reason we must place in this natural 
group the gneissic rocks forming the basis of the Shillong plateau and 
Lower Assam. Although separated from the Peninsula l)y a gap of 
150 miles, through which the Ganges and Brahmaputra pour their 
W'aters, this now isolated mass undoubtedly belongs to the original terra 
finna to which the later mountain -systems of the Himalaya and of 
Burma have since been added. It is, moreover, recognisably related 
to the main gneissic area of Hindustan. 

The interruptions to this main gneissic area are only superficial, and 
consist of patches of much younger strata resting upon, or faulted into, 
the fundamental rock. It is otherwise with the separation between the 
main area and the gneiss of Bundelkhand. This break is connected 
with one of the leading structural characters of the region, one that 
still affects the features of the country in a very marked way, but that 
dates from the azoic period, and in which the gneiss itself took part. 
The zone of separation is about 90 miles wide ; and it is here that we 
find the fullest section of the upper azoic series, both transition and 
Vindhyan. A band of schists, slates, and quartzites fringes the main 
gneissic area on the north, and extends in a steady west-south-west direction 
from Maiighir (Monghyr), near the north-east extremity of the gneiss in 
Bengal, at first along the south margin of the alluvial plains of the Ganges, 
then up the Son (Soane) valley, whence it crosses continuously into the 
Narbada (Nerbudda) valley, and down the latter to Barwai (Burwye), 
where the basaltic formation stretches across between the Deccan and 
Malwa plateaux. From the Gangetic plains to the spot where they disappear 
beneath the Deccan traps, the transition rocks are in contact on the north 
with the Vindhyan formation of the Bundelkhand and Malwa plateaux. 

On the extension of the same line to the east-north-east we find 
a corresponding band of schists and quartzites, similarly related to the 
gneiss of the Shillong plateau. 



Peninsular.] 


INTRODUCTORY REMARKS. 


6 


Bundelkhalid area. — To the north of the Vindhyan plateau in 
Bundelkhand, there is a compact semi-circular area of gneiss. On the 
north -north-east face, for £00 miles, along the chord of the arc, the 
gneiss is gradually overspread by the Gangetic alluvium, and round the 
convex southern margin, the metamorpliic tract is bounded by a scarp of 
Vindhyan sandstones. At many points along the south-east side of the 
arc, there are narrow outcrops of the transition formations, recognisably 
the same as those of the Son and Narbada valleys. We thus have the 
means of comparing the relations of the gneissic rocks of the two areas, 
and the result is very significant. Formations that rest undisturbed, 
unaltered, and almost horizontal on a denuded surface of the Bimdel- 
khand gneiss, are uniformly disturbed, metamorphosed, and subject to 
granitic intmsion in the gneissic region of the main crystalline area. 
This is almost conclusive evidence that some, at least, of the latter is 
of later date than the gneiss of Bundelkhand, which will therefore take 
precedence in order of descri]ition as the oldest known rock of India. 

Arvali area. — In the north-western quarter of Peninsular India 
there is a third independent area of crystalline and transition rocks. 
The Arvali (Aravulli) ranges are formed of them, and their name may be 
conveniently used to designate this geological region. To the south-west 
it extends into Guzerat, and to the north-east the ranges reach as 
far as Delhi. It is separated from the Bundelkhand area by 70 
miles of Viii'lhyan rocks, which stretch up to near Agra, and form 
a broad structural barrier like that to the south-east. II(5rc, too, 
some of the lower formations can be identified on both sides of the 
barrier, but the base-rocks are badly exposed, and the ground has been 
but very partially examined. In one or two spots near Alwar (Ulwur) 
a fundamental gneiss seems to be unconformably covered by the schists 
and quartzites of the Arvali system ; but these latter have not been 
identified with the transition groups of Bundelkhand ; so there is no clue 
as yet to the relative ages of the two gneissic groups of Arvali and 
Bundelkhand. 

The separation of the Arvali crystalline region from that of Eastern 
India is not so distinct. Only 50 miles of a covering formation (the 
Deccan trap) intervenes between the schists already mentioned as seen 
in the Narbada valley near Barwal, and the extreme eastern inliers of 
the Arvali crystallines about Bagh. The rocks in both positions are, 
moreover, very similar in composition and metamorphic condition, but 
it has been observed that a different direction of the structural features 
(cleavage and foliation) obtains in the western area. This is an import- 
ant character in the discussion of highly disturbed formations, and shows 
that the distinction of the two regions is not purely suiierficial, arbitrary. 
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or g'eograpliical. It is, moreover, evi- 
dent that the main basin of transition 
rocks, if extended to the south-west 
beneatli the overlying trap, must 
intervene between the Arvali and the 
south-eastern g'neissic regions. 

A key Bection. — Before notic- 
ing the few particulars known re- 
garding each area and the several 
members of the azoic series, it will 
be well to get a general idea of their 
relations by a brief discussion of a 
diagrammatic section taken in a 
north-west to south-east direction 
across the Bundclkhand gneiss, and 
prolonged as far as the eastern 
giieissic area on one side and to the 
Arvali gneiss on the other (see 
figure) . All the features represented 
are not found on a ' single straight 
line, but each is taken from the zone 
in which it ai)X>cars on the section. 
The distance is about 350 miles, and 
the figure is, of course, very much 
distorted, but it will afford assistance 
in understanding the features. 

Threo distinct formations arc 
found in contact with the Bundcl- 
khand gneiss along its south-eastern 
margin. The lowest is well seen in 
the Bijawar State, and it was first 
described under the name of Bijawar.^ 
Its relation to the fundamental rock is 
locally very clear : its l)ottom beds 
rest flatly upon an irregularly 
denuded surface of the gneiss, and 
mantle round the anciently weathered 
outcrops of the quartz-reefs which 
traverse tlie latter. Thus, the break 
between the gneiss and Bijawars is 


^ Mcm.» G. S. I., Vol. II, pp. 6-35. 
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total. The latter formation thickens rapidly to the south-east, and the 
beds in this direction exhibit considerable disturbance and some meta- 
morphism. The Bijawars are overlaid by very different strata, which 
have been locally described as the Semri group, from the river of this 
name, in which they are wellexix)sed.^ They, too, thicken to the south-east 
and have been moderately disturbed, but show no sign of metamorphism. 
In places they quite overlap the Bijdwars and rest directly on the 
gneiss. It would seem that this extinction of the Bijawars is, at least 
to some degree, an original thinning out, and that they never extended 
indefinitely over the crystalline area. In their turn the Semris are overlaid 
and over-lapped by the Vindhyan formation, outliers of which cap hills 
of gneiss beyond the margin of the sedimentary basin. 

On crossing to the south-east of the Vindhyan plateau, we find some 
important changes in the relations of the underlying rocks. The equi- 
valents of the Semri beds are fully identified in the Son (Soane) valley. 
Here, ag^, there is no contact-unconformity between them and the 
Vindhyans, but there is the most complete break possible between them 
and an underlying series, part of which, at least, corresponds with the 
Bijdwar beds. Intrusive granitic masses are found in the Bijawars, but 
do not penetrate the bottom beds of the Son series, which not only 
repose horizontally on denuded surfaces of both the Bijawars and the 
granite, but extend in j)laecs on to the gneiss of the eastern region. 
These feature? imply a break of immense duration between the Son and 
the Bijawar series, and establish on this horizon a main division in our 
azoic system. The other important contrast between the sections in 
the Son valley and in Bundelkhand is, locally at least, the complete 
metamorphic transition between the Bijawars and the gneiss. ITiey 
must have together undergone disturbance and metamorphism. If, then, 
we are correct in taking the transition rocks of the two localities to be 
Bijawars, on the same geological horizon, this contrast of conditions in- 
volves a much younger age for the Bengal gneiss, or for some jwrtions of it. 

Prom the section sketched in the last paragraph we obtain the main 
outline of our azoic series : gneiss of two ages, a transition formation, 
and a well separated upper series. It will be convenient to speak of the 
Semri and Son deposits as Lower Vindhyans ; for, although by no means 
co-extensive with the Vindhyans proper, even in this basin, they are every- 
where conformable to them throughout a very extensive area. 

By continuiug the section to the north-west, we arc able somewhat 
to expand the general series. All round the western edge of the Bun- 
delkhand gneiss the upper Vindhyans are the covering rock, but at the 

J Mem., G. S. I., Vol. IT, p. 6, 
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north-west corner of the crystalline area a new formation crops out to 
the eastward from beneath the Vindhyans, and forms a north boundary 
to the gneiss. This, which is known as the Gwalior formation, is un- 
conformable both to the gneiss and the Vindhyans ; it rests at a gentle 
inclination upon the former, and its surface has been deeply eroded before 
the deposition of the latter, the bottom beds of which are largely made 
up of Gwalior debris. The Gwaliors have undergone but little disturb- 
ance and no crystalline metamorphism. 

Judging from the presumptions afPorded by these stratigraphical fea- 
tures, we have here a formation intermediate between the lower Vindhyans 
and the Bijawars, a representative of the great break which has been 
shewn to exist between these two series in the Son region. The litholo- 
gical characters would support this conjecture, which is further borne out 
by the fact that far away in Southern India we find a formation (the 
Karnul) resembling the lower Vindhyans and resting unconformably 
upon another group (the Kadapah) which has a great resemblance to the 
Gwaliors, and which there, too, is quite unconnected with the gneiss. If we 
might adopt total severance from the gneiss as a criterion in our main 
classification, it would be better to bring the Gwaliors and their equi- 
valents into our general nomenclature as lower Vindhyans, and to 
convert those now so designated into middle Vindhyans (or to in- 
tj’odiice some new class-name in this sense) ; but it is safer for the present 
to postpone any attempt at a permanent classification, and so we may let 
the Gwaliors and their allies stand in our scale as upper transition groups. 

After crossing the northern arm of the great Vindhyan basin in a 
north-west direction from Gwalior, the change to the Arvali region is 
abrupt. The boundary is mostly faulted, the horizontal beds of the 
upper Vindhyans abutting against the fault, close beyond which a few 
outliers occur of Vindhyan rocks, and with some of them Gwaliors 
are associated, both being moro or less vertical. Away from the 
boundary (to 'he westward) we only find formations of a different type, 
which have been described as the Arvali series. They are greatly dis- 
turbed and altered, and their relation to the underlying rocks is very 
puzzling. Locally they rest abruptly upon a massive granitoid gneiss 
elsewhere they are associated at the base with an arkose or pseudo- 
gneissic rock which is locally difficult to distinguish from the true 
gneiss. 

These are difficulties for which we shall have to notice a parallel in 
the Bijdwar area itself and in Behir, so the Arvali rocks may probably be 
ranked with the lower transition groups as already defined. But a further 

^ It doubtful wbother some of this is not intrusive granite. 
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difficulty meets us : in the same region these Arvali strata rest upon the 
edges of a schistose slate formation (see section) which must, of course, 
be an older member of the transition series. The ground in which these 
rocks occur has, however, been so little examined, that any views now 
expressed must be considered as open to much correction. 

General composition and distribution of a,zoio rocks,— It is 
only in the most general way that any common characters can be estab- 
lished amongst rock -groups so widely scattered, so doubtfully affiliated, 
and so little studied. 


The following general classification will show the plan to be followed 
in describing the various sub-divisions. Like all such tabular arrange- 
ments in the present work, the formations are grouped in descending 
order, but in describing them it will be more convenient to commence 
with the lower groups : — 


III— VlNDRYAN 


Upper 


Lower 


Comprising in descending order the BhAnrer (Buudiiir), 
Rewnh, and Kuiinur (Kymore) groups. 

*Sundstoncs and shales greatly predouiiniite, whilst limestone 
I occurs as a subordinute member in the upper group. 

Only known in the great northern hasin, extending from 
Sasseram to Nimach (Neemuch) and Agru. 


Son, Semri, Bliima, and Karuul groups, all more or less 
equivalent to each other. 

Limestones, sandstones, and shales are generally distributed. 

Found in several basins, the principal of which, commencing 
at the north, are (1) the great northern or Vindhyan 
basin, on both sides of which lower Viudliyans crop out; 
(2) the Chhattisgarh area, extending south to Bastar, iti 
proximity with several scattered tracts in the valleys of 
the Pern, Pranhitn, and Godavari rivers ; (3) the Bhima ; 
and (4) the Karuul basins. 


II— Transition 
or 

StJB-METAMOBFBIC 


Upper 


Lower 


Gwalior, Kudapab, and Kaladgi representative groups. 
Quartzites or sandstones, slates or sbales, with limestone, 
jasper or iron bands and interbedded trap. 

The principal basins are those of (I) Gwalior, (2) Kadapab, 
and (3) Kaladgi. 


Arvali, Bijawar, Champanir, and MalAni groups. 

Slates, more or less schistose, and quartzites iii about equal 
proportions, with locally associated limcstouc and con- 
temporaneous trap. The Malani group is volcanic. 

There are two principal regions, (1) the Arvali, and (2) the 
interrupted areas in the Narbada and Son valleys, Buiidel- 
khand and BehAr, with detached area in north-east 
Bengal, all of which must he desurihed as parts of the 
same tract. There is also a large area of these rocks in 
south-west Bengal, besides some minor exposures, which 
cannot even be indicated on the map. 


I— Gneissio 
or 

Metamoufuic 


Three suh-dlvisions, Arvali, main or eastern ares, and Bun- 
delkhand, the latter being older than the others. 

Gneiss, schist, and other forms of crystalline metamorphic 
rocks with intrusive granitic veins. 

The regions correspond to the sub-divisions. 


fi 
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Bundelkhand gneiss. — The gneiss of Bundelkhaud takes prece- 
dence in order of description^ being the oldest^ so far as now kuowii^ in 
India. It forms the basis of lower Bundelkhand as distinguished fiom the 
higher portions of that district lying on the adjoining Vindhyan plateau. 
On the north-north-east border, for 200 miles, the gneiss is gradually cov- 
ered by the superficial deposits forming outlying and marginal portions 
of the Gangetic plains, at an elevation of 500 to 600 feet above the sea. 
Elsewhere the area is very sharply bounded by a scarp of overlying 
formations, whether Vindhyan or transition. Along the base of the 
scarp to the south-west the elevation varies between 1,000 and 1,200 
feet above the sea, the scarp itself rising to 1,900. The gneiss some- 
times forms hills, but the general features of the ground are flat, 
undulating uplands, sparsely cultivated, including shallow valleys and 
plains of alluvial land. All over lower Bundelkhand long narrow 
serrated ridges composed of quartz-reefs form a most striking feature of 
the landscape. They run in straight lines, generally with a north-east 
to south-west direction, and sometimes attain an elevation of 600 feet 
over the surrounding country. 

Composition of the gniess. — Gneiss is by far the commonest rock.^ 
It may be described as consisting of some six xninerals^red orthoclase 
felspar, a white plagioclastic (triclinie) felspar (probably oligoclase), quartz, 
hornblende, chlorite, and mica. In any one place the gneiss may contain 
only two of these, or it may include all of them. With regard to texture, 
every variety is met with, from a homogeneous f’elstone, in which no 
individual mineral can be distinguished, even with a lens, to a coarsely 
porphyritic rock, including felspar crystals more than two inches long. 
The orthoclase nearly always forms the main mass, and exceeds in quantity 
all the other minerals together. Its ordinary colour is a darkish red, 
but now and then it is much paler, and almost or quite white. In 
such cases, when both felspars occur, it is not easy to distinguish them on 
a fresh fracture, but the difference becomes apparent on a weathered sur- 
face. One (the orthoclase) has a vitreous, or somewhat pearly, lustre and 
translucent aspect ; the other is dull and quite opaque, having been 
superficially altered into kaolin. The plagioclastic felspar is a compara- 
tively uncommon mineral ; when present, it plays quite a subordinate 
part, and occurs in much smaller crystals than the orthoclase. As often 
as not, no free quartz can be detected in the gneiss, and it very rarely 
indeed occurs in large quantity. The rock is usually homblendic, but 
sometimes the hornblende is partially or entirely replaced by chlorite 

* The charactors of the rocks of this area arc chiefly taken from the unpublished reports 
of Mr. F. R. Mallet. 
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and mica. The mica occurs of varyinj^ colours and of more than one 
species, both uniaxial and biaxial — green, brown, black, and silvery- white, 
the last being rare, and chiefly found in the southern part of the area.^ 
Foliation is seldom well developed, the rock being very commonly 
to all appearance perfect granite. No direct evidence has, however, been 
obtained beyond this, of the existence of true pi utonic granite ; and 
sometimes by close examination traces of foliation may be detected in 

* The mode of grouping of these minerals will be best illustrated by a few particular 
examples of the common and the rare kinds. The ingredients are generally mentioned in 
the order of their prominence in the compound. 

The hill at Pahari (10 miles north-nortli-cast of Kirwi (Kirivcc), is of coarse red-felspar- 
gneiss, with specks of dark-brown mica and a small proportion of quartz ; through this 
rock small masses occur, from an inch to a foot in size, of a very fine-grained, more mica- 
ceous variety. The gneiss is intersected by a few seams of pegmatite, red felspar, and 
quartz, the felspar much preponderating. The gneiss, in which no foliation is traceable, 
covers the hill in large rounded blocks. 

At Batnbai (2 miles north-west of Kirwi) some of the gneiss is hornblendic, and in 
one place it is composed of red felspar, bornblcndc, and epidote. At Siibhapur (10 miles 
soutli-vrest of Kirwi) the gneiss is hornblendic, passing into very fine-grained and coinjiact 
hornblende* rock ; a little south of this, true hornblcnde-scliist occurs. At Dongaho (6 miles 
west of Ajigarh) the gneiss is of a common variety — a very large proportion of red felspar 
in coarse crystals with some hornblende, no quartz being apparent to the eye. Tbrougbout 
this rock there occur bands of similar composition to the above, but extremely fine-grained. 

Near Tclorna (10 miles cast of Cbliatarpur) tbo gueias is highly sycuitie, with red 
felspar in the usual large proportion. At one sjjot it was observed to contain red ortboclase, 
white plngioclaae, hornblende, black mica, and quartz. 

At Puli (5 miles south-west of Nowgoug) the gneiss consists of pink felspar in largo 
crystals, green felspar in much smaller crystals, and chlorite. 

Between Punon and Torea (7 miles east of Mobangarh) is a dark brownish-red fel- 
stonc in which the minerals cannot be distinguished. At Deorat Ghdt, Kumpura, and Kuu- 
girpura (5 miles south-west of Mohangurli) the gneiss consists of dark red felspur, 
quartz, and chlorite, the latter in small quantity. The rock is deep red from the felspar, hut 
there is a considerable amount of quartz, in some specimens exceeding the felspar and chlo- 
rite together. In the .Tamiii river at llirapur the gneiss is both fine-grained and coarse. 
Irregular seams and masses of each variety arc included iu the other, showing that both arc 
the same rock. 

The gneiss on the north-west side of Qunclidri (12 miles cast of Lnlatpur) is moder- 
ately coarse, and includes no less than six minerals ; orthoclusc, white felspar, quartz, black 
mica, chlorite, and hornblende. It is the only place in which so complex n mixture has been 
observed. In the stream just south of Siudwuna (16 miles south-east of Lalatpur) tho 
rock is composed almost wholly of white felspar (orthoclusc P) and quartz. The rock be- 
tween Ikonn (5 miles east of Maraurn) and Girai is nearly all white ovthoclasc, frequently 
with silvery mica. At Bikrampur (16 miles north-north-east of Tehri) and elsewhere, 
a variety of gneiss is fouud, consisting of large crystals of red ortboclase, their longer axes 
preserving a general parallelism, imbedded in a matrix of impure chlorite, probably an im- 
palpable mixture of chlorite and quartz. About f^hdgarh tho rock is close-grained and gra- 
nitic, with felspar, both red and white, black and silvery white mica, tho latter being spe- 
cially prominent iu the pegmatite veins. 



12 


GEOLOGY OP INDIA-AZOIC ROCKS. 


[Chap. 1. 


rock which at first sig-ht appears quite devoid of it. This foliation gen- 
erally has an east- north -east dircclion, but varies to north-east and 
easi-south-east. The jdanes are more or less vertical. 

The schists. — The subordinate varieties of rock, all combined, are of 
very insignificant extent in comparison to the gneiss. One of the most 
prominent is hornblende rock. At Jumiini (16 miles east-north-east 
of Tehri) there is a band about 50 3'^ards wide of almost pure hornblende, 
showing cleavage-faces of an inch to an inch and a half long. It con- 
tains a small amount of epidote, and also white fclspai’, the latter disposed 
in irregular scams, more or loss connected with the foliation, which is 
obscurely seen. A similar rock occurs in the Sujnam stream, west of 
Sokari (15 miles east-south -east of Lalatpur), and again north-west 
of Bar war, on the Lalatpur-Chand^ri road. Another well marked variety 
contains about equal quantities of hornblende and white or greenish- 
white f(;lsj)ar in ciyslals about an eighth of an inch long. It may be 
seen east and north-east of Bansi (10 miles north-bj'-cast of Lalatpnr). 
This roek sometimes contains, in addition, an inconsiderable proportion of 
reddish felspar, quartz, and green mica, and very minute specks of iron 
pyrites. The hornblende-rock sometimes resembles trap very closely ; 
parts of it are as fine-grained as the intrusive dykes of diorite or the over- 
flowing basaltic trap, and it weathers into similaidy rounded lumps; but 
this variety passes into a much coarser kind, in which the felspar and 
quartz are well separated. The most trappoan-looking portions, more- 
over, contain thin strings and films of epidote, which have not been 
observed in the trap. 

Besides the hornblende-rock, various forms of schist occur with the 
gneiss, comprising talcose, hornblcndic, cliloritic, quartzose and even 
argillaceous schist, and the combinations of these with each other. Mica 
schist has not been observed. Schists are of very rare occurrence in the 
gneiss generally, but all the above varieties are to be found in some force 
in the southernmost part of the area, in the Maraura region. This pecu- 
liarity of distribution is so marked that it was thought that the schistose 
strata might here be separable from the gneiss. The suggestion is much 
encouraged by the fact that the great quartz- reefs, elsewhere so preva- 
lent in the gneiss, stop short of this ground. It has not, however, as 
yet been found possible to draw a line between the gneissic and the 
schistose sub-divisions. Gneiss of the usual type is still a prevalent 
rock in the schistose area, and is the most southerly rock seen at 
Shdhgarh, It seems, too, to be truly associated witli the schists. We 
may perhaps at least infer that in this region we have the top of the 
gneissic series of Bundelkhand. 
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The only strati^raphical feature observable in the gneiss of Bundel- 
khand is near the Dliasan river, in the southern part of the area, and 
consists of a synclinal fold, about two miles wide, marked by the recur- 
ring outcrop of a very conspicuous, banded, iron and quartz rock, dipping 
north at Bareta and south at Barwar ; at Gerar, on the same strike as 
the last-named, the rock is inverted. Signs of an obscure outcrop of the 
same rock were noticed some ten miles to the north ; and again, the iron- 
ore worked at Dhaowara, ten miles south of Orchha, is this banded rock. 
It is composed of thin alternate laminae of haematite and quartz ; the 
former has a metallic lustre, although more or less silicious ; the quartz is 
red and white, some laminae being jaspery, others somewhat arenaceous, 
with distinctly visible grains, the latter form being probably decomposed. 
This is a type of rock of frequent occurrence in different formations of 
the azoic series — in the gneiss of Southern India, and in several of the 
transition groups. 

It is a noteworthy fact that over the whole of this large area of 
gneiss not a single bed of limestone has been detected. 

Granitic veins. — Pegmatite veins, from a few inches to a foot or 
two in breadth, are very common. If these were intrusive, it might be 
expected that they would be somewhat uniform in composition irrespective 
of the nature of the surrounding rock; but it has been invariably 
observed that the felspar of the vein is the same as that of the rbek 
adjacent, whether the latter is orthoclase or plagioclase, or includes 
both ; the ebief difference consists in the larger crystallization and in 
the usual absence of the third mineral (hornblende, etc.) in the veins. 
It is therefore presumable that the veins were formed by segregation 
at the time of the crystallization of the gneiss. 

The almost total absence of accessory minerals in these rocks is re- 
markable. 

Quartz-reefs, — The quartz-reefs, already mentioned as forming 
a conspicuous feature of this area, are exclusively confined to the 
gneissic series. They arc pretty equally distributed over the ground, 
with the exception noticed in the southern region, which, moreover, lies 
right across the strike of the reefs to the north-east. 

Out of 110 local observations (principally taken in the eastern region), 
many being of different parts of the same reefs, Mr. Mallet found that 
76 had a strike between 20® and 80® east of north, their mean direction 
being north-36®-east. In some minor cases the strike is more north-north- 
west. Instances of bifurcation are occasionally seen. Sometimes the 
same reef is very unsteady ; that at Mulgoah (20 miles south-by-east of 
Nowgong) twists from iioi*th-35®-east to north-5®-west. 
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The vein at Man (Mow) (near Nowgong*) is double, or rather two 
veins run parallel at about 100 yards apart; just south of the town they 
are thrown about 300 yards horizontally by a fault running west-ZO'^- 
north. The breadth of the veins varies from a few feet up to 100 yards ; 
the latter dimension was found by rough measurement in the reef west 
of Bagwa (20 miles east-south-east of Tehri). Some of them are trace- 
able in a direct line for more than 00 miles, the local interruptions which 
occur being sometimes due to removal by denudation, sometimes to 
strangulation of the vein itself. Other reefs, again, though of full thick- 
ness and very prominent at the surface, are short, and end abruptly. 
There is a good case of this at Dehri (12 miles south-east of Tehri) 
where a broad reef, 300 feet high, is only about a mile long, no trace of 
it occurring in the gneiss to the north or south. The narrow gaps by 
which the minor streams in many places cross the reefs give j)eculiar 
facility for the formation of lakes, as a very short dam is often suffi- 
cient to pond back a large surface of water : many of the numerous 
artificial lakes in Bundelkhand are formed in this way. 

The reefs arc often affected by joint-planes, which sometimes give an 
appearance of horizontal bedding to the mass. When parallel with the 
direction of the reef itself, they suggest in a more puzzling manner the 
impression of a bedded mass. Now and then the quartz is much shattered. 
At’Dcokalli (20 miles east-north-east of Chhatarpur) and Bagpura (25 
miles south-east of Tehri) samples might be taken for the Bij^war 
hornstoue-breccia, a description of which will be found on a subsequent 
page. 

Owing to the mctamorphic condition of the reefs themselves, folia- 
tion is often developed; and it usually extends to the contiguous gneiss, 
which is generally so amorphous. When the foliation in both rocks has 
the same direction as the reef itself, as is the case at Chetrai (5 miles 
south-east of llajnagar) the quartz mass might be taken to be interbedded 
with the gneiss. Generally the foliation is oblique to the direction of 
the vein, while still the same as that of the gneiss. 

Many of the reefs are of grepsh white quartz. Frequently they con- 
tain a large amount of impure serpentine, and occasionally they are formed 
almost entirely of this material. The more northerly of the two ridges 
at Dallipur (10 miles north of Shahgarh) is an example. At R&jdpur 
(8 miles west-by-south of Kalinjar) a band of nearly black serpentine 
occurs, apparently a continuation of the quartz vein to the north. lu 
many cases the gneiss is serpentinous for some distance on each side 
of a vein, there being no distinct separation between the two rocks. 
Nortli of Patauri (25 miles east of Tehri) the gneiss near a quartz 
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vein is composed of red felspar^ quartz^ and serpentine. Serpentinuos 
gneiss has not been observed, except near a quartz vein. Steatite takes 
the place of serpentine in a few veins. At Kudiinw^ra (20 miles 
south-south-east of Orchha) the rock consists chiefly of this mineral. 
Some of the steatite is pure and has been quarried. On the flank of a 
ridge south-west of Sikana (20 miles cast-south-east of Tehri) a large 
mass of steatite is extensively worked. 

From his observations, as above sketched, Mr. Mallet concludes 
that the reefs were probably formed before the metamorphism of the 
gneiss was accomplished. 

Many of the quartz-reefs as well as the gneiss itself are traversed by 
more recent and much smaller veins of pure white quartz, the thickest 
not much exceeding one foot in breadth. They are very frequently crys- 
talline and drusy in the centre, and they are always sharply distinct from 
the rocks they traverse. Their direction is very irregular. 

Trap dykes. — The gneiss of Bundelkhand is also remarkable for 
being traversed by extensive trappean intrusions, none of which 
penetrate any of the younger formations. These dykes, of true igneous 
rock, are more numerous than the quartz-reefs, and exhibit nearly as 
much regularity in their course, their prevailing direction being about 
north-35'’-vvest, so as to cut the reefs obliquely at an angle of about 
70®. Some few run cast of north, and due cast. Many are of consider- 
able size, a breadth of 100 feet being not unfrequent ; some are much 
wider. They are often persistent for great distances. The commonest 
tj^pe is an extremely hard and tough close-grained greenstone (diorite), 
in which the hornblende and the white felspar are sometimes clearly 
separated. The rock often weathers into large rounded blocks without 
any tendency to exfoliation. The small dykes are of a more earthy 
texture. 

It is very rare to find any intersections of the dykes and reefs that can 
be taken as conclusive of their relative age. It is not so uncommon 
to find a dyke running close up to a rc?ef on both sides without cutting 
it ; but such an occurrence might easily happen, although the reef were 
the older, as it may have offered a greater resistance to splitting. One 
good case of the converse carries much more weight. Mr. Mallet records 
such an occurrence at about half a mile west-south-west of Bhagw&ho, 
where a quartz vein striking east-20^'-north abuts against a strong dyke 
running wcst-20®-north, traces of the quartz being found also on the 
other side. But he considers the general argument from the condition 
of the two rocks to be independently conclusive : the trap has certainly 
not undergone metamorphism, whereas the reefs as certainly have. 
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Accessory minerals. — The great rarity of accessory minerals in 
these rocks has already been noticed. Mr. Mallet only mentions epidote 
sparingly in the hornblende rock ; schorl in some of the small quartz veins 
of the Maraura region, small grains of ilmenite in some of the peg- 
matite veins, and strings of altered kyanite in the quartzose rock of Dhan- 
kua hill (10 miles west-north-west from Tehri). Small pieces of galena 
have been sent from Jhansi for analysis, but their locality is not known, 
and they may not have been procured from the gneiss. Iron ore has been 
extensively burrowed for at Dh^owdra, 10 miles south of Orchha; it is 
a decomi)Osed earthy condition of the banded haematite and quartz. 
The absence of any trace or tradition of gold in connection with the 
quartz reefs is noteworthy. The steatitic rocks are quarried to be 
turned into plates and bowls ; and a talcose quartz schist of the Maraura 
region is much used for quern -stones (handmills). The coarse porphyritic 
granitoid gneiss is a favourite stone for the pillar sugar-mills. The 
massive gneiss would make fine building stone, but it is only used as 
rubble; the natives mostly build their houses of brick, using the 
Vindhyan sandstone for more important edifices. 

Contiguous formations. — The history of this comparatively small 
area of gneiss would be very interesting. It has served as a shore or a 
bed for each of the great adjoining formations. The Bijhwars and the 
Gwaliors lie upon its margin north and south, but no detached outliers of 
either are found within its border, so that it may have been a well 
elevated area at the period of their formation. The same may be said 
of the lower Vindhj^an deposits. It is not so with the upper Vindhyans, 
of which the outliers arc numerous and lie at considerable distances from 
the scarp of the basin. In the cast these form a portion of an ascending 
slope, the base of the capping Vindhyan sandstone being higher in the 
outliers than in the scarp. But in the north-west it is curiously the 
reverse; the gneiss reaches high up all along the western scarp, but the 
outliers of Vindhyan sandstone to the eastward rest at the general level 
of the low country. 

The next overlying formation is the Deccan trap, remnants of which 
are found on the low ground in the southernmost part of the area, and 
traces of the infra-trappoan (Lamcta) conglomerate occur more exten- 
sively in the same position. Tliat this portion of the scarp-bounded area 
can have been so occupied, almost necessarily implies that the whole of 
the gneissic ground must, at the period of the Deccan trap, have had 
a configuration very like what it has now ; and, the source of the 
eruptive rock being presumably to the south or south-west, the lava must 
have poured from the plateau to the low lands. In the Madanpur gorge 
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trap does, in fact, occur continuously from one level to the other, but its 
condition suggests no resemblance to a lava stream. 

The main gneissic region. — The great gneissic area of Eastern 
India cannot now be described in any detail. Its limits will be best under- 
stood by an inspection of the map. Along its north-north-west margin 
the gneiss is iiitimat(;ly connected with the transition scries. Their 
detailed boundary is very intricate,*and the general relation of the two 
formations is obscure, although some individual sections arc simple 
enough. The discussion of the relations between the gneiss and transi- 
tion rocks must be deferred until the latter have been described, as it is 
impossible to enter into details without referring to the character of the 
upper scries. The same plan of describing the relations between the 
groups when treating of the highest will be adopted in other cases also. 

At the cast end of the northern boundary the schists a])pear as de- 
tached and semi-detached ridges, the Gangetic alluvial plain reaching at 
many points up to the main gneissic area. In the small valleys draining 
northwards from the crystalline plateau, remnants are found of the bot- 
tom Gondwana deposits, showing to how great an extent the actual 
features of the mctamorj)hie rock-mass are a reproduction of a veiy ancient 
surface; for it is certain that, in the interval betweeu the lower Gondwana 
period and the present day, the superficial characters must liave been 
Very different from what they are now. Along the whole north-east border, 
for 80 miles, the Bengal gneiss passes under the Gondwana strata of the 
Kajmehal hills, not altogether owing to a general tilt of the surface, but 
partly to an original slope, for the successive groups of the scries overlap 
each other on to the gneiss. 

These hills being the most north-easterly point of the peninsular 
rock-area, it would seem as if the isolation of the gneiss of Lower 
Assam and the Shillong plateau miglit date from the Gondwana period; 
but against such a supposition there are objections that will be discussed 
elsewhere. Facts analogous to that just noticed in the Ilajmelial hills 
occur at intervals along the whole east coast of the 2>cniiisula ; the 
description of them belongs to the section of this work relating to the 
Gondwdna system. 

Little is known of the Malabar coast. The gneiss is probably 
nowhere far from the surface. From Mulwan northwards it is rejdaced 
by tlic Dcccan trap. 

The north-west boundary of the main gneissic area, passing obliquely 
across the peninsula, is exceedingly tortuous, the metamorpliic rocks being 
exposed wherever the various overlying deposits, the upper transition 



18 


GEOLOGY OF INDIA-AZOIC ROCKS. 


[Chap. I. 


rocks, the lower Vindhyans, the Gondwdnas, and the Deccan trap 
have been removed by denudation. As the nature of the junction with 
the gneiss will necessarily be described in connection with each of these 
formations, it need not be repeated here. 

Tlie present surface-configuration of the gneiss is very varied, and 
altogether assignable to denudation. On the Bengal side there is the 
upland or plateau of Hazaribdgh and Chutia N%pur, much of which 
has an elevation of 2,000 feet, scatteaed hills ranging up to 4,000. The 
high-level gneissic mass beneath the Deccan trap on the Mandla plateau, 
and extending eastwards to Sirguja, and westwards through Cliindwdra 
and Betul, may have some structural affinity with the highland of Chutia 
Ndgpur, the general cast-north-cast and west-south-west strike of the 
strata being common to both areas. 

At a short distance from the coast, between the Mahanadi and the 
Godavari, the highlands of Jaipur form an independent watershed of 
gneissic rocks. A basin of Lower Vindhyans bounds this highland on 
the north-west ; on the north-east a broken chain of Gondwana outliers 
in the Mdhanadi valley separate it from the Chutia Nagpur plateau, and 
the continuous basin of these deposits in the Goddvari valley separates it 
from the Hyderabad plateau on the south-west. 

The gneissic plateau of Hyderabad, between the Goddvari and the 
Krishna, has only an elevation of about 1,100 feet. It is in the south of 
the peninsula that the gneiss attains its greatest prominence, in the pla- 
teau of Maisur and the Nilgiris, culminating in the peak of Dodabetta, 
8,700 feet high. The Palghat gap separates the Nilgiris from other lofty 
clusters of gneissic hills, the Paine and Anamalc, in Travancore. 

The main gneissic area is so extensive, and many parts of it are 
so little known geologically, that it is impossible to give a general 
description of its characters, and it is better, when noticing the more 
important peculiarities of the rocks, to treat separately of those portions 
of the region which have received special notice, and concerning which 
any details of importance have been recorded. The following arc the 
tracts, included in the main area, of which some information is recorded, 
beyond the mere occurrence of metamorphic rocks 

1. — Bengal area. 6. — Southern Koiihan. 

2. — Singhblium. 7. — Wnindd. 

8. — Orissa. 8. — Nilgiri Hills. 

4. — Central Provinces. 9.— Trichinopoli and Arcot. 

5. — South Mahrntta area. 10. — Assam. 

The Bengal area (including Bhagalpur, Birbhdm, Hazaribagh, 
Chutia Nagpur (Chota Nagpore), Mirzapur, Rewah, and Sirguja).— 
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The probability of a difference in age between the gneiss of Bundel- 
khand and that of Bengal has already been suggested, the sugges- 
tions being chiefly founded on the different stratigraphical rela- 
tions between the gneiss of each area and the Bijawar formation. 
In connexion with this question it is fortunate that the best information 
we possess regarding the characters of the rocks of the main giieissic 
region refers to the ground contiguous to the Bijawar basin, in Rewah, 
Mirzapur, and Behar. There is the further advantage that Mr. Mallet 
is again our authority, so that we have not to allow for discrepancies of 
observation.^ He gives the following tabular abstract of the constituents 
of the gneiss in Singrauli, a petty principality now absorbed in the 
Rewah State and adjoining districts : — 

1. — ^Minerals occurring as constituents of the gneiss 

Quartz ; oiihoclaso ; oligoclasc ; muscovite ; bioiite ; homhlcnde ; cpidotc. 

2. — Occurring in beds in the gneiss : — 

Limestone ; doloiniUi ; corundum ; magnetite ; quartz as quartzite and 
quartz-scliist ; hornblende as hornblende-rock, treuiolitc-rock and 
jade ; mica as mica-schist ; cpidotc^ 

3. — OccuiTing in veins in the gneiss : — 

a . — Quartz in veins and reef-quartz. 

If . — In pegmatite veins (as constituents) : orthoclasc ; oligoclasc ; quartz ; 
mica. 

c. — In <?pid()tic veins : opidote ; quai*tz. 

4. — Accidental minerals in the gneiss : — 

Magnetite; ilmcnite; schorl; garnet; stilhite (?). 

5. — Accidental minerals occurring in the subordinate beds (2) oi‘ the gneiss : — 

a . — In the limestone : magnetiU^ ; i) 3 Titc ; hiumatite ; serpentine ; chryso- 
tile; i)hlogo])itc(P) ; wollastouite. 

h . — In corundum bed : schorl ; eu])hylUto ; diasporc. 

c. — In jade bed (associated with corundum) : corundum ; rutile (?) ; schorl ; 
cuphjdlite. 

6. — Accidental minerals occurring in the veins, &c., in the gneiss : — 

iz.— In the quartz-veins ; micaceous iion ; iremolito ; augitc ; cpidotc ; 
schorl ; mus(jovitc. 

h . — In the quartz-reefs ; galena ; ccrusitc. 

e.~In the pegmatite veins : schorl ; garnet. 

To this list may be added the minerals found by Mr. Mallet in the 
same zone, further to the east, in Hazdribagh : lepidolite ; tourmaline ; 
beryl ; apatite ; leucopyrite ; tin stone. Zircon is also said to occur. 

The contrast between the minerals named in this table and tUe 
constituents of the Bundelkhand gneiss is very striking. The most 
marked differences are the abundance of the disseminated quartz, the 

^ Mr. Mullet’s work has been only partially published : Rec., G. S. I., Vols. V, VI, VIL 
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comparative freiiucney of limestone and dolomite and of mica schist^ 
and tlje general oeciirrence of accessory minerals in the Bengal gneiss. 
Accoixling to some current theories, by Dr. Sterry Hunt and others, on 
llio chemistry of the primeval earth, this difroreutiation of the ingfedients 
would be confirmatory of the opinion arrived at from stratigraphical 
considerations, that the Bengal gneiss, or part of it, is of later date than 
that of Bundelkhand. 

The structural characters present another noteworthy point of con- 
trast between these two gneissie series. In Buiidelklnind the rock is 
g‘(‘ncrally homogeneous and amorphous, the foliation obscure and 
constantly in more or less vertical planes, as if due to the causes which 
produce cleavage. In ilie Bengal gneiss bordering the Bijawar basin on 
the south, the foliation clearly coincides with the original lamination 
and bedding. Tlicso have a general cast-north-east strike, corres- 
jionding with tliat of the main rock-bonndaries, but the alternating 
strafa fro quently i*oIl about at low angles of dip, or are cruslied to- 
gotlior confusedly, the foliation constantly agreeing with the lie of the 
beds. 

Quartz-reefs have been described in this gneiss also, but to a very 
subordinate extent, and their origin as veins is in many cases open to 
({iiestion. A common mode of occurrence of this quartz or quartzite is close 
to the boundary of the slate and gneiss series, but it does not coincide with 
their junction, and it is not in any sense a contact-formation, separating 
sharply distinct types of rock. It occurs in the strike of the foliation 
and stratihcalioii, and may well be an altered quartzite. 

There is a rock common in this northern area of the Bengal gneiss, 
perhaps occurring most typically within the zone mainly occupied by the 
transition series. It is known as dome-gneiss, from its weathering into 
great hemispherical or ellipsoidal masses of bare rock, the only divisional 
])lancs being coneentric layers of exfoliation. The domes are often 
scveial hundred feet high, and form a very peculiar object in a landscape. 
Foliation is always more or less traceable, and in every respect of texture 
and eoinposition the rock is the same as that of thin bands alternating 
with schists in the adjoining ground. Both are often porphyritic, the 
dome-gneiss generally so, containing large ill-formed (rounded) crj^stals 
of felspar. There can be no doubt that the peculiar form exhibited by 
this rock is due to the occurrence of large masses of more homogeneous 
composition than usual, but the question is how these conditions were 
])roducod, whether we must not suppose a partial degree of plasticity to 
have been attained, and whether the rock is not in a manner intrusive. 
At llie Kalapahar and the Bhiaiira hills on the northern fringe of the 
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Hazaribfigh plateau, and the Mandar lull of theBhdgalpur district in the 
same geological region, there are very typical examples of the dome-gneiss. 

The comparative rareness of trap-dykes in the Bengal gneiss is an- 
other point of contrast with the Bimdelkhand area. In some parts 
they are pretty frequent, perhaps most so in the vicinity of the basins of 
Gondwana rocks, and they are often continuous into such basins, their 
comi^aratively recent date being thus fully established ; but they are b}' no 
means generally distributed. 

Pegmatite is not uncommon in the gneiss of Singrauli. Mr. Mallia 
docs not consider this formation to be intrusive; as was explained in tlio 
case of the pegmatite of Bundclkhand, its composition varies witli the ro( k 
it traverses. In northern Ilazaribagh, however, he describes the extensive 
occurrence of intrusive pegmati tic granite ramifying in ihe most intrieaie 
manner in veins and dykes of from half an inch to fifty yards wide, throng]] 
both the gneiss and the transition schists, and maintaining its composition 
irrespective of the enclosing rock. It is composed, in order of crystnl^ 
lization, of tourmaline, mica, felsp.ar, and quartz; all four being generally 
present, but their proportions vary greatly. Its texture is also VTiy 
uneven, the coarsest forms bciJig often found in compaiutivel}" narrow 
dykes. It is in this rock that the mica-mines of Beliar are worked. 
Not unfrequcntly the pegmatite assumes the curious form known ns 
graphic granite. 

The gneiss of the Chutia Nagpur districts, up to the basin of transi- 
tion rocks in Soutli-West Bengal, is more or less freely iiitcrbedded with, 
micaceous hornblendic and silicious schists, and occasional bands of (lie 
porph3’'ritic granitoid variety. Patches also occur of loss highly metamor- 
phic schists. This division of the Bengal gneiss will again come under 
notice in connexion with the transition series. 

Singhbhum area. — The junction of the Chutia Nagpur (Chota 
Nagpore) or Bengal gneiss with the transition rocks of Singbliiiin (Soutii- 
West Bengal) is described by Mr. Ball • as a great fault. But within tliiy 
basin of submetamorpliic rocks there are extensive inlicrs of a gneiss, ap- 
parently of an older date than that of Chutia Nagpur. It is veiy uniforru 
and granitoid, and there is a total absence of the tli in-bedded gneiss, schisLs, 
etc., which abound in the main gneissie area to the north. In contact with 
this Chutia Nagpur gneiss, the transition strata exhibit a miniraum of 
alteration and disturbance. Mr. Ball describes them at and near Chaibassa 
as sandstones and mudstones resting immediately on the rough weathered 
surface of the granitic gneiss. There arc local faults along lhel)oundaiy, 
but it is certain that the original relation of the two scries is like that 


^ Msmiiscript roports. 
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between tlwj Bijdwars and the Bundelkliand gneiss, as already described. 
In the Singbhum gneiss we again find a remarkable abundance of trap 
dykes, forming two intersecting systems having north-westerly and north- 
easterly courses, respectively. 

Orissa area. — Further south, in the Talchir country, the ordinary 
type of metamorphic rocks again prevails. The following rough classi- 
fication of them is given by Mr. Blanford : ^ 

Gneiss, a. — Hard, coarse, and felspatliic, becoming Bomotimes lithologically a 
perfect granite. 

,, h, — Soft, foliated, quartzosc or micaceous. 

„ c*.— Compact, but sometiirics soft, containing garnets, frequently de- 

composed, 

Hornbleiidic gneiss or sebist, soft and foliated. 

Quartz-sebist or scliistose quartz, occurs frequently in bands separated by softer 
micaceous layers. 

The variations in composition coincide with the jdanes of foliation, 
the prevailing direction being west-north-west to cast-south -east. 

Central Provinces, — Higher up the Malianadi valley in the 
neighbourhood of Sambalpur, Mr. Ball * observed sycnitic and protogenie 
gneiss as common, hornblende-rock and schist as somewhat rare, strong 
quartzites forming the most peculiar feature in the gneiss ; mica-schist, 
quartz-schist, and shaly slate, and in one instance, near Katikela, north- 
cast of Sambalpur, a conglomerate, were found associated with the 
gneiss. The strike in this region would seem to be very variable — east to 
west, north to south, north-west to south-east, and north-east to south- 
west, being all recorded. 

On the same latitude, about Nagpur, Mr. Blanford'^ has noticed the 
general resemblance of the gneissic rocks to those of Bengal. Here, 
again, there is much irregularity in the strike. 

South Mahratta area. — There is little or no information regarding 
the gneiss in Hyderabad, but for the adjoining South Mahratta country, 
Mr. Foote has given a sketch of the metamorphic rocks along the south 
border of the Deccan trap and of the Kaladgi and Bliima basins of 
transition and lower Vindhyan formations.** Massive syenitic and grani- 
tic forms of gneiss in great variety are the prevailing rocks, the schists 
being subordinate. Of the latter there are, in order of abundance, 
bomblendic, micaceous, chloritic, hoematitic, and talcose schists. The two 
types of rock arc not indiscriminately blended. The schists occur in definite 


* Memoirs, G. S. I., Vol. I, p. 39. 

“ Manuscript report. 


3 Memoirs, G. S. I., Vol. ix, p. 301 > 
* Memoirs, Q. S. I., Vol. xii. 
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bands, but their relation to the gneiss has not been clearly made out, or 
rather no separation into two series has been established. The relation 
would seem to be one of association rather than separation. The two 
run in parallel bands of varying width, having a general north-north- 
westerly direction, which is that of the main Sahyadri watershed. Mr. 
Foote indicates nine such alternating bands of gneiss and schist between 
Raichur and the crest of the ghats. The gneissic bands are more rocky 
and prominent than those of the schists. They all pass southwards into 
Maisur (Mysore). The micaceous schists arc most developed in the west, 
where they occur in force underlying the trap of the great scarp. 

Crystalline limestone was observed in x^l^^ces associated with the 
schistose bands of the gneissic series in the South Mahratta country. 
The chief of these is the massive band of dolomite high on the western 
face of the Sah3"adri range, at the extreme southern limit of the Deccan 
trap. The fort of Bhimgarh, east of Goa, is built on a mass of this 
dolomite, 

Dykes of a dioritic trap are frequent in these gneissic rocks. Mr. 
Foote divides them into five groups, according to direction, but remarks 
that in every case of intersection the rock seemed perfectly confluent, as 
if both dykes had been simultaneously filled. This traj) dc'es not pene- 
trate the overlying transition formations. Small veins of pegmatitic gra- 
nite are of frequent occurrence in the Southern Mahratta country, but 
their intrusive origin is somewhat doubtful. 

Some strong reefs of quartz occur in different parts of this region. 
They are mostly of pure white quartz, often in a brccciated condition, and 
re-cemented by vein-quartz or by some form of hsematitc. Their principal 
directions arc north-west, north-cast, and north. 

The small auriferous tract of theDambal or Kappatgudd hills is imme- 
diately south of the South Mahratta country, and the rock features de- 
scribed by Mr. Foote are very similar.^ The gold-bearing reefs occur in a 
broad band of chloritic, hornblendic, argillaceous, and hjematitic schists 
between two strong bands of granitoid gneiss, that on the east seeming to 
overlie the schists. The north-north-west strike still prevails. The most 
productive reefs also have this direction. The sources of all the streams 
said by the natives to be auriferous are within a tract of pscudo-dioritc, 
which Mr. Foote does not consider to be irruptive, but a more developed 
metamorphie condition of the schists. Trap- dykes occur, but nothing 
special is noted of them. 

Gneiss of the Southern Konkan.— The gneissic rocks of Sawant- 
Vf&ri and Ratnflgiri, in the Konkan — the low country between the Sahyadri 

^ Records, G. S. 1., Vol. vii. 
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range and the sea— would seem from Mr. WilkinsonV description to be 
more varied than on the Deccan plateau above the ghats. The distribution 
in separate bands of more massive and more schistose characters does not 
occur. The beds consist of true gneiss (i. e., a well foliated quartzo- 
felspathic rock), micaceous and hornblendic schists, quartzites and altered 
micaceous sandstones, with some subordinate bands of granitic and syenitic 
gneiss, also occasional talcose, chloritic and actinolitic schists -; limestone is 
only noticed near the foot of the Talewari ghfit. The structure, too, seems 
more variable ; north of the Tillar river a north-easterly strike prevails. 
The mass of porphyritic syenite forming Wajhiri hill, 5 miles from 
Vingorla, is considered to be intrusive.® 

Gneiss of the Wainad, — Our next note upon these rocks refers to 
another gold-bearing tract, that of the south-east Wainfid (Wynaad), on 
the uplands of Maisur (Mysore), at the north-west base of the Nilgiris. 
The position scorns to be structurally imporlant. In the little map pub- 
lished with ]\Ir. King^s rei)ort^ on this ground the greater part of the area 
is shown to be witliin the region of the steady cast-north-east strike which 
obtains in the Nilgiris and along the south-east edge of the Maisur plateau; 
but towards the north there is an area of troubled dips centred round two 
masses of granitoid rock forming the Munny Male and Yeddakul Male. 
Mr. King treats these granitic masses as (doubtfully) intrusive; north of 
them the ibliation again passes into the normal north -north-west strike of 
the Sahyfidri. This Nilgiri strike is noted as distinctly that of the lami- 
nation and bedding of the gneiss as well as of the foliation, the general dip 
bore being southerly. Four belts of gneiss are recognised in the south 
Wainad : the quartzo-hornbleudic gneiss of the northern face of the 
Nilgiris, and below (north of) it the Dayvallah band of higlily felspathic 
gneiss with two minor belts of chloritic gneiss ; north of this is the 
quartzosc and ferruginous baud forming the Marpaninudi range, beyond 
which is a broad area of more varied gneiss. The auriferous quartz-reefs 
are perhaps most developed in the Dayvallah band. Their lie is peculiar ; 
the strike is north-north-west, corresponding with that of the gneiss in 
the country to the north, and at riglit angles to that of. the rocks in 
which they occur, yet they generally have a low dip, from 10^ to 30°, 
always easterly. One small trap-dyke occurs in the Dayvallah band ; it 
runs cast-by-north, nearly in the strike of the gneiss. 

* lloconls, G. S. 1., Vol. iv, p. 44. 

* Some allowance iniiftt be made for discrepaneicB of iioincnclatiire between difTercni 
obHcrvers in these rocks : e. ff., some might call nu altered micaceous suiuUtoiie, wliat others 
wi»uUl name a (luartz-schist. 

= Records, G. S. I., Vol. VllI, p. 29. 
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Gneiss of the Nilgiris. — In tbe Nilgiris,’ massive (obscurely foliated) 
gneiss prevails, but it is of a very different type from the massive gneiss 
of the South Mahratta country, which is granitoid and copiously fcls- 
pathic. On the Nilgiri plateau it is in the very hornbleudic variety of the 
gneiss, such as prevails over the northern portion, that the foliation is least 
marked. The rock is described as hard, tough, and black, breaking with 
an even fracture, and consisting of an intimate mixture of quartz and 
hornblende with some garnets. It was mistaken by early observers 
for syenite and greenstone. A similar rock, but with a variable propor- 
tion of felspar, is very common in the central parts of the hills. Thero 
are also several strong courses of a quartzo-fclspathic gneiss, which has 
boon taken for grjiphic granite. Locally this gneiss also contains garnets 
in great quantity. 

A few thin dykes of trap have been observed in the Nilgiri hills, 
but no granitic veins. Small irregular veins of white quartz arc com- 
mon, but no reefs have been observed. 

Gneiss of Trichinopoli and Arcot. — To the south as well as to the 
north of the Nilgiris, the gneiss of the low ground becomes well foliated 
and schistose. South of Coimbatur a band of limestone has been ol)scrved 
in the metamorpliic rocks. Granitic veins are also common in this 
neighbourhood ; they arc especially conspicuous in the hill of Sunkerry 
Droog, but no intruded granite-mass of large dimensions occurs. 
Mr. II. F. Blanford, from whom the notes on the Nilgiris arc taken, 
describes® a band of granitic rock to the north of Trichinopoli, and 
points out that this band is possibly a continuation of the very similar 
rocks of Coimbatur. In Trichinopoli, as to the westward, there is no 
massive intrusion ; but the whole band (about t to 6 miles wide) 
may be considered rather as a network of veins running generally in the 
planes of foliation of a shattered band of highly foliated hornblendic 
gneiss, which is frequently twisted and contorted in every direction. 
The veins consist of a largely crystalline binary granite, mica occur- 
ring but rarely. The proportions of quartz and felspar vary greatly, 
and these ingredients sometimes affect the structure known as graphic 
granite. Mica is altogether a rare ingredient in the gneiss of this region 
of the peninsula. 

A considerahlc area of the gneissic rocks of Southern India, from the 
Cauvery northwards, has been mapped in some detail. The geology has 
been described by Messrs. King and Foote, and the leading features have 
been made out, or at least suggested.^ The belt of granitic intrusion 

* Memoirs, G. S. T., Vol. I, p. 218. | ® Memoirs, G. S. I., Vol. IV, p. 30. 

3 Q, S, Vol, IV, p. 269, 
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already mentioned, along tlie north bank of the Cauvery, is on an anti- 
clinal axis. Beds of variable gneiss and schists, with some limestone, 
dip from it on both sides. To the north they pass under the great mass 
of rocks forming the several cliistqrs of bills in the Salem district, where, 
as in the Nilgiris, a syenitoid (L hornblendic) gneiss is very prominent. 
With it are associated the various magnesian schists from which the 
magnesite of the chalk hiJJs" is derived, and also the great beds of 
magnetite which have made Salem famous as an iron -producing district. 
These are not lodes, but regularly bedded masses of banded iron-ore and 
(piartz, associated with the gneiss. With the aid of the very conspicu- 
ous outcrops formed by this rock, several great features of contortion have 
been made out, proving the strata to be frequently repeated at the surface. 

In South Arcot, to the east of the Salem hill-groups, a considerable 
area is occupied by rocks having a very granitic aspect, yet showing in 
many places undoubted stratilication, and occurring in great continuous 
ridges, which api)arently form anticlinal and synclinal folds. The rock is 
composed of quartz and white and pink felspar. It frequently contains 
blocks, both angular and rounded, of hornblende schist. Altogether, the 
nature of this rock and its position in the metamorpliic series are still 
open questions. 

The distribution of the trap dykes in these metamorphic rocks is 
markedly peculiar, but it has hitherto received no satisfactory explana- 
tion. The dykes are very rare and small in the granitic band of the 
Cauvery, and also in the granitoid rock of South Arcot ; on the other hand, 
they arc extremely abundant in the areas of hornblendic schists and 
syenitoid gneiss. They mostly run at right angles to the bedding, but 
occasionally in the same direction with it. 

North of Trichinopoli a cliange takes place in the direction of the 
strike of the metamorphic foliation analogous to that noticed in the 
Waimld : the east-north-east direction changes rapidly into north-north- 
east, j)araJlcl to the Coromandel Coast. The regularity of the coast-line 
is no doubt connected with this fact. 

It is interesting to note how the main structural features of the fun- 
damental rocks thus determine the actual configuration of the peninsula. 
All the fossiliforous deposits, and even the later azoic formations, are but 
patches on the weather-worn surface of this most ancient gneissic mass. 

The Assam gneiss. — From the geographical point of view, Assam 
and the Shillong plateau could not be affiliated to the peninsula, but 
lally this would seem to be their proper connexion, since the 
ig rocks closely resemble the gneissic and transition forma- 
tions of Bengal, and differ widely from the rocks of the adjoining 
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mountains to the north and cast. The structural characters bear the 
same relation : on the ed^^es of the Shillong plateau secondary and 
tertiary strata lie quite horizontally, while much younger deposits have 
undergone intense disturbance in the contiguous Himalayan and Burmese 
regions. The plateau thus forms a wedge-like mass of neutral ground 
occupying an acute angle between two regions of contortion. 

The ground to which these remarks apply is not known to extend 
beyond theDhansiri river (Golaghat) to the north-east, though it is likely 
that the gneissic rocks stretch for some distance at least under the alluvium 
of Upper Assam. The principal area is the continuous hill-mass, 250 miles 
long, between the Dhansiri and the Brahmaputra. It is only the southern 
border of the hills, where they are capped by the horizontal sandstones, 
that can be appropriately called a plateau. Even geographically this 
Assam range is independent, a system of deep longitudinal valleys 
sejiarating it on the south-east from the Barail ridge, which belongs to the 
Indo- Burmese mountain system. A single name is much wanted for this 
well-defined orographical feature ; at present it is spoken of in sections 
corresponding to the tribes who inhabit it — the Garo, Khasia, Jaiutea, 
Mikir, and Naga. The Assam Range would be an appropriate title. 
The whole of the Lower Assam valley may bo included in the same 
geological region, for the numerous hills protruding through the alluvium 
north of the Brahmaputra consist of the same old gneiss, and not of 
the Himalayan type of inetamorphic rocks. 

The most interesting of these outcrops in the low ground of the Bra- 
maputra valley is one observed by Mr. Mallet^ within 200 yards 
of the tertiary sandstone at the base of the Himalaya on the left hand of 
tlie Rydak river, in the Western Bhutan Dudrs. It is really within 
the Sub-Himalayan zone, being up a river- valley, ijiside the mean outer 
boundary of the sandstones. The rock is thick-bedded hornblende-schist, 
a common type of rock in the Bengal gneiss, but one that is rare in 
the Darjeeling gneiss of the adjoining mountains. This is the only 
instance of close proximity of the azoic rocks of the peninsula to the 
Himalaya region. 

The only observations hitherto made on this Assam gneiss prove little 
more than that it has a likeness to the Bengal rock, and that the general 
strike is the same. Some granitic intrusions occur in the transition 
rocks of the Shillong area, in connection with which they will be noticed. 

A few observations on the gneiss of the Arvali region will be given 
with the description of the transition rocks. 


» Memoirp, G. S. I., Vol. XI, p. 44. 
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CHAPTER II. 

PENINSULAR AREA. 

TUANSITION OR SUB-META MOR]»IllC ROCKS^ LOWER SERIES. 

General rcinarlss — The Bijawar basin — Bijawurs of Buntlelkhand — Gneissoiil bottom-beds of 
the Ken — Dlmr forest area — Middle Narbada area — Son-Narbada watershed area — 
The Son area — The Behar area — Gneissoid bottom -beds of Lakiscrai — The Shillong 
Transition series — South-West Bengal — Tlio Arvali region — Bijawars of Bjigli and 
Jobat — The Chainpanir area — The Arvali proper — Korana Hills — Malani beds. 

General remarks. — Of the lower transition rocks we can only 
ofTer ii disconnected and unsatisfactory account similar to that already 
given of the motamorjdiie rocks, and for the same reasons — their in- 
trinsic obscurity and the very partial examination they have received. 
The only difference is, that in the ease of the transition series wo must 
make the darkness more apparent by a brief discussion of the leading 
features of the ease ; even though this discussion leaves much uusettlcd, 
it will serve as a. starting-point for fresh inquiry. 

The lower transition series, it may be as well to repeat, consists of 
unfossiliferous schist, quartzite of various kinds, jasper, breccia., lime- 
stone, slate, and sandstone which arc distinguished from some very 
similar formations classed as upper transition beds, by exhibiting a 
greater amount of alteration. Either by metamorphism, conformable 
sequence, or the intrusion of granitoid plutonic rocks, the lower transi- 
tion series is connected with the gneiss, whilst the upper transition rocks 
arc distinguished by the absence of any such connection. 

The Bijawar basin. — The following remarks refer iirincipally to 
the great band of sub-inetamorphic rocks, stretching in a west-south- 
west to east-north-east direction obliquely across the peninsula from 
Bengal to the Narbada valley in Nimar. Geologically we may speak of 
this holt of transition rocks as the Bijawar basin, although within the 
straligraphical basin the Bijawar formation is for the most part covered 
by Vindhyan strata. Owing to this fact, the northern outcrops of the 
transition scries at Bijdwar, in Bundelkhaud, are widely separated from 
their main exposure along the southern edge of the Vindhyan plateau. 
This principal band of transition rocks is about 700 miles long. There 
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are many inteiTiiptions of continuity by superficial deposits, but the 
whole forms one structural feature. 

A principal doubt regarding the transition rocks of this basin is, 
whether we have to deal with one formation or with two ; whether the 
rocks of the eastern side, in Behar, are the equivalents of those of 
the western side, in the Narbada and Upper Son region. The com- 
position of the scries is strikingly different in these two positions, and 
the relations to the gneiss are not uniform. The i)resiimption is perhaps 
on the whole in favour of the eastern and western series corresponding 
to each other throughout; but it is well to suggest at once the 
doubt of tlie two being identical and to keej) it in mind. Our descrip- 
tion will begin with the Bijawar area, then take up the w’^est end of 
the Narbada ground, and thence work eastwards toBehfir. 

Bijawars of Bundelkhand. — The commonest bottom-rock of the 
Bijawar formation in Bundelkhand is a quartzite. Locally it might 
be called sandstone. It is generally fine-grained, but sometimes, at the 
base, coarse and conglomeratic from containing pebbles of while quartz. 
It rests quite horizontally or with a slight dip upon a denuded surface 
of the gneiss, even in that most western part of the area, where, as w^as 
explained, the uppermost portion of the gneissic series is supposed to be 
found. 

With this quartzite a hornstone-breccia and a limestone are intimately 
associated. They sometimes replace the quartzite as the bottom 
rock, or else are interstratified with it, or overlie it. The hornstone is 
compact quartz, more or less transparent or opaque, of yellow, brown, 
and red tints; the angular fragments included in it are gcncrallj’' of while 
quartz, and arc always paler than the matrix. In some cases, if not in all, 
they arc clearly the result of fracture ; and of fracture not caused by con- 
tortion, for the breccia mostly lies quite flatly upon a firm support. 
Occasionally the former continuity of the detached jncccs is evident ; 
the mass looks as if thin bands of quartz had been shattered by con- 
cussion, or by shrinkage, then re-cemented in place, and the interstices 
filled by a more jaspideous form of quartz. The limestone, too, is highly 
silicious, the quartz appearing both as thin layers and as shapeless irre- 
gular segregations of chert. 

These bottom rocks of the Bijawar formation in Bijawar are very 
irregular in distribution; in some sections there is no quartzite; in others, 
no hornstone-breccia, or limestone. The total tliickness nowhere exceeds 
200 feet. This unevenness of the basement-bed tends to suggest the 
unconformity of the succeeding de 2 )osits, but no confirmation has been 
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found of this sug^^estion. On the contrary, sub-schistoso shales like those 
of the upper part of the group are sparingly intercalated with the lime- 
stone and quartzite. 

More or less earthy ferruginous sandstone, locally somewhat con- 
glomeratic, is tlie prevailing upper rock, and is associated with rusty 
shales, incipicntly schistose. The iron in these rocks is locally concen- 
trated into a rich hjcmatitc which has been extensively worked. Several 
thick but discontinuous beds of dioritic trap occur in the bottom part of 
the group. 

The whole Bijawar formation in the typical Bijawar area is probably 
not more than 800 feet thick. The strata generally either have a very 
low south-easterly dip, or are quite horizontal ; but in a few places to the 
south, before they become covered up, they are seen to have undergone 
a considerable amount of crushing, which has not in the least affected 
the Lower Vindhyan rocks immediately overlying. The general im- 
munity from disturbance in this small area may be due to the original 
shallowness of the deposits here, where they thinned out over the mass 
of gneiss, which afforded an unyielding support against compression. It 
is probable that the transition basin deepens ra])idly to the southward 
beneath the Vindhyan rocks, and that the complete unconformity be- 
tween the Bijawars and the Lower Vindhyans, as observed in the Son 
valley, rapidly replaces the general parallelism of stratification that 
obtains in the Bijsiwar area. East of the Ken (Cane) the transition 
rocks soon disappear, being totally cut out by the Vindhyans overlap- 
ping on to the old gneiss. From a little west of Allahabad all the lower 
azoic roeks arc concealed by the Gangctic alluvium stretching up to 
the base of the Vindhyan scarp. 

Gneissoid bottom-beds of the Ken.— In the east, at Panduah 
hill and the Ken (Cane) river, a trappean rock occurs below the bottom 
quartzite, and has received various interpretations from different observers. 
It was at first^ grouped with some pseudo-igneous and giieissoid rocks 
occurring in this section below the normal base of the Bijdwar series. 
Subsequently by another observer it was classed as a local occur- 
rence of the Bijdwar trap, by a third as the outcrop of a dyke in 
the gneiss. It is certain that at the Ken the character of the 
bottom Bijawar rocks changes rapidly ; the strong quartzite thins out 
suddenly ; and a prominent rock on the continuation of its strike is a 
peculiar sharply cellular quartzite, much quarried for quernstones ; but the 
beds associated with this quartzite are sandstones and shales like those of 
^ Mem., Q. S. L, Vol. II, page 37. 
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the upper part of the series. In the river, and certainly below the horizon 
of the bottom quartzite of the Bijdwars west of the Ken, there are two or 
more steady outcrops of pebbly sandstones having the same low south- 
easterly dip as the adjoining Bijawar strata, but occurring in the midst of 
thick pseudo-crystalline gneissic rocks. It is important to notice these 
observations with a view to their verification or correction, for these 
sandstones seem to have escaped the notice of the later observers, and 
they are important as fixing the affinities of the associated gneissic 
strata with the transition series rather than with the normal gneiss of 
Bundelkhand. Very similar rocks are found far to the east in an 
analogous position at the base of the transition series in Behar, and 
again extensively in the Arvali region ; and the whole question is of 
interest as bearing upon the elucidation of the great gneissic series— 
as to whether we must not recognise some rocks of this class that are 
not metamorphic in the full sense of the word, i, e., ordinary sediments 
transformed, but that are merely granitic or gneissic detritus reconsoli- 
dated. 

Bijawars, Dhar forest area. — Proceeding from Bijjtwar in a south- 
west direction obliquely across the plateau, where the Vindhyans are for 
the most part covered by the Deccan trap, we should strike the Narbada 
about Hiudia, at the west end of the wide alluvial plain, 200 miles long, 
which is in India designated especially as the Narbada Valley. West of 
llindia there is a considerable area occupied by transition and gneissic 
rocks. They abut on the west against the Vindhyan rocks of the Dlnir 
forest* area, but appear again in the north of this area and west of it 
about Barwai, These transition strata have been fully recognised by 
Mr. Mallet^ as bottom Bijawars, consisting of quartzite, liornstone- 
breccia, and chert-banded limestone identical with those of Bundelkhand. 
No associated trap rock was observed. 

These rocks arc more disturbed here than in Bijawar, but Mr. Mallet 
describes their relation to the gneiss to be the same, i. ^., total uncon- 
formity. The quartzite is often found quite flat and surrounded by 
vertical strata of the metamorphics. It is only possible to question this 
view by supposing that what we take to be stratification in the meta- 
morphics is a result of molecular forces acting on lines of cleavage. 
This possibility has been forcibly argued with reference to this very area,® 
and connected with the suggestion that the two series may be very 

1 The Dhar forest is a tract of wild forest-clad hills through which the Narbada flows 
between Hiudia on the east and Barwai on the west. 

*- Unpublished report. 

3 Mem., G. S. I., Vol. VI, pp. 193-202. 
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closely allied, the gneiss being more or less a metamorphic condition of 
the Jlijiiwars. 

The possibility and the suggestion are based upon two facts : that 
the strike of the foliation -planes in the gneiss agrees constantly with 
the strike of the cleavage-planes in the transition series, and that the 
chert-bands in the Bijdwar limestones do ccrtaijily sometimes occur in 
the cleavage-planes and not in the bedding. On the other hand, it may 
be remarked that the lines of disturbance, the synclinal and anticlinal axes, 
in the Narbada valley, even amongst rocks of much later age than the 
Bijawars, observe the same strike as the cleavage and foliation-planes in the 
old rocks, and that thus at the outcrop the strike of cleavage and bedding 
would generally agree. As to the chert-bands, they are in any case 
admittedly of segregative origin, and so cannot be taken as a clue to the 
arrangement of materials differently aggregated. 

Upon the settlement of this question as to the relations between the 
metamorphic and transition scries, it will depend whether the gneiss 
of the Dluir forest should be affiliated to that of Bundelkhand or to 
the supj)osed 3 ’^ounger gneiss of Bengal. The composition of tlic Dhar 
forest gneiss is in favour of the former relation ; and, as there probably 
is still a broad band of the Bijdwar basin to the southward, the position is 
not opposed to this view. 

Here, as so often elsewhere, a doubt occurs as to the intrusive 
character of the more granitoid varieties of the gneiss. Some horu- 
bleudic and earthy schists of this area, as in the Narbada above Mortaka, 
where the Indore railway crosses, have been included with the gneiss ; 
but it may be questioned if they do not belong to a transition group 
older than the Bijawars. 

Middle Narbada area. — Proceeding eastwards up the Narbada 
valley from Hindia, no rocks are exposed on the northern side, under tlie 
Vindbyan scarp, fora distance of 120 miles, to where the Bijawars form 
low hills in the Narsingpur district. The cherty limestone and breccia 
are the only beds seen here ; but this may be because the lower rocks are 
covered by alluvium. The gneiss does not appear again on this side of 
the valley. 

Along the south side of the river, on the edge of the Gondwana 
formations of the Satpura- hills, there are more frequent oiitcroj^s 
of the transition rocks. The most westerly arc near the Moran river, 
about 30 miles east of Harda, where some narrow ribs of the cherty 
limestone protrude through the Deccan tra^^, which from this point 
covers all the rocks to the west. On this south side of the valley, also, 
the cherty limestone, generally much contorted and brecciated, is tbe rock 
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most: frequently seen ; but other beds do occur, as in the Bdri hill, 15 miles* 
east of Soba^|)ur, where a considerable thickness of trappoid and earthy 
rocks is exposed, the latter beings so little altered as to be easily mistaken 
for the Talchir shales of the contig^uous Gondwana area. In many places on 
this south side of the valley, gneissic rocks of doubtful character occur 
close to the Bijawars ; and the relation between the two series is certainly 
not simple superposition, both being found at the same level in closely 
adjoining positions. 

Son-Narbada watershed area. — At the head of the Narbada 
valley in the north of the Jabalpur district there is a continuous 
exposure of Bijawar rocks between the Vindhyan and Gondwana areas. 
We are here on the watershed of the peninsula, between tributaries of 
the Narbada and the Son. Both these streams have their sources well 
to the south of the line of their principal valleys, the former flowing 
from Amarkautak, at the eastern edge of the Deccan trap forming the 
Mandla plateau ; the latter rising not far off, at a slightly lower elevation, 
in the gneissic rocks that extend to the eastwards from beneath the trap- 
pean area. 

The space between the Vindhyan and Gondwana basins is very much 
narrower here than to the west, being only 12 miles wide. The BijA- 
wars cover the whole ground, but they only form hills 300 to 400 feet 
above the general level, and no rocks are found very different from those 
already noticed in the formation. The fact that the beds which we have 
taken to be the base of the Bijawars still continue, in the absence of gneiss, 
to be the prevailing rock exposed along the northern outcrops in the 
Narbada area, will have suggested that no structural change in the 
concealed features of the basin has occurred in that position, and that the 
gneiss prol}ably lies at no great depth ; and we learn from the section at the 
watershed that, here at least, these supposed bottom-beds occur across the 
whole zone.* The section is described as a shallow synclinal ; but it 
scarcely deserves this name, for the bottom, or at least the lowest, rock is 
as freely exposed in the centre as elsewhere. There must, however, be 
something of the nature of a basin, as the underlying gneiss only appears 
along the south margin. 

All the leading characters of the formation already noticed are repre- 
sented here, with a greater development of the argillaceous element, 
f'ine earthy slates of reddish tints are the lowest strata seen ; their upper 
beds are associated with the quartzite which underlies the limestone and is 
intercalated with it ; and the limestone itself is not so constantly cherty as 
has been described elsewhere. Above the limestone, ribboned jasper beds, 
^ Our notes upon this ground arc from utipubliblied reports by Mr. C, A. Qucket. 
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passing locally into bluish quartzite, are well developed, and both jasper and 
quartzite are frequently brecciated. Earthy schists, locally conglomeratic, 
are also freely associated with this band. The rich iron-ores so largely 
worked by the natives in this neighbourhood are a concentrated 
development of the haematite and jasper bands of this horizon. • Above 
the iron-band there is again a considerable thickness of earthy schists. 
Bedded trap occurs throughout the series. 

As is implied by the facts already stated, these rocks are not on the 
whole greatly disturbed. Low undulating dips prevail, although locally 
there is much contortion. The highly inclined planes, so general in the 
schists, are of cleavage, not stratification. The thickness of the whole 
series exposed cannot be great, probably it is under 1,200 feet ; and there 
is scarcely any presumption that the conformable slates beneath the 
limestone attain any great thickness underground. 

Notwithstanding these conditions, the roiiks arc in an advanced state 
of inet-a morphism. The limestone is generally crystalline, the schists are 
often highly micaceous, hornblendic and garnetiferous, and the iron-ore 
is mostly the micaceous form of haematite. The section in the Narbada 
at the well knowm marble rocks,^^ 10 miles south-west of Jabulpur, 
exhibits the high degree of alteration and local disturbance to which the 
Bijawnrs have been subjected in this region. 

From observations obtainable in this neighbourhood we could only 
suggest an explanation of these conditions; but from analogy with cases 
better exposed elsewhere, it is probable that the massive granite, forming 
such conspicuous rock-features in and near the station ol‘ Jabalpur, is of 
post-Bijdwar age. Here the granite is entirely surrounded by later]forma- 
tions, so that direct evidence of the connexion between it and the Bijawars 
cannot be found. The relation of the Bijawars to the gneiss is better seen. 
About 7 miles north-east of Jabalpur there is an exposure of true 
gneiss. Mr. Hacket describes the actual contact of the Bijawars with 
this rock, where upper beds of the transition scries are crushed against the 
gneiss, and rest upon it, without exhibiting any change or gradation of 
mineral characters. This is a strong point in the ease to be stated ])re- 
sently, as to whether we have to deal with two transition formations in 
this basin, or with two gneissic series adjoining it. 

The Son airea. — Immediately to the east of the flat watershed, the 
band of transition rocks is entirely concealed by an extensive spread of 
laterite and alluvium, and beyond this we get into the region of the 
Lower Vindbyans, which stretch to the south of the scarp of the Upper 
Vindhyan plateau until they nearly come into contact with the Gondwana 
deposits. After crossing the Son, however, the band of transiiiou rocks 
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again expands gradually to a width of 25 miles in the south of the 
Mirzapur district. It is here we encounter the question whether one or 
two formations occur within this basin of transition rocks. 

The northern half (about 10 miles wide) of the transition band^ at a 
little west of the Rehr river, is formed of regular Bijawar rocks, such as 
we have hitherto seen them — quartzites, hornstones, banded jasper and 
haematite, limestone and slates or schists, with abundance of intercalated 
trap. The whole band strikes against and under the Lower Vindhyan 
strata, where the Son takes a southerly bend opposite Agori. The south- 
ern half of the transition band (15 miles wide), as well exposed in the 
Rehr, is entirely composed of fine slates, with intrusive trap only, the 
dykes being mostly transverse to the bedding. Both groups are so in- 
tensely crushed together that no decisive section of the junction has been 
found in the low jungle-covered hills. Mr. Mallet mentions an instance 
at Ubra, at the north end of the section in the Rehr, where a quartzite 
of the northern set seems to cap a ridge of the slates > but this case is not 
clear, and the question of the relation is quite open, except that it 
certainly is not one of horizontal transition, the two contrasting deposits 
being in full force and character in juxtaposition. 

The western extension of the section into the Rewah country has been 
but imperfectly examined. Already at the Gopat the slates have disap- 
peared, and the northern band of true Bijawars is in contact with the 
southern gneiss. In this region, where the Son above Bomarsan takes a 
bend into the area of the transition rocks, there is a good instance of local 
metamorphism : throughout the whole length between the Gopat and the 
Son at Murai, the transition rocks along the Lower Vindhyan boundary, 
distinctly recognisable as Bijawars, are in a gneissose condition, and gran- 
itic intrusive rocks occur in them. The character of the contact of 
these beds with the main gneiss to the south is, however, of the kind 
described by Mr. Hacket north of Jabalpur, abrupt rather than transi- 
tional ; but it is certain that they themselves are locally giieissic, and have 
been affected by granitic intrusions. 

If it were certain that this character of the contact of the ferruginous 
Bijawars with the southern gneiss is constant, and has no connection 
with faulting and crushing, and also that the gneiss of the Rehr and 
the Gopat are the same, we could at once affirm the distinctness of two 
transition groups in this ground ; for the junction of the slates of the 
southern band with the main gneiss is perfectly transitional — a gradual 
alternating passage from the strong gneiss, through gneissose and other 
crystalline schists, into the fine clay-slate, as is well seen in the section 
in the Rehr. But while doubts exist upon these two conditions, it must 
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remain possible that these slates of the Rehr are only a bottom member 
of the Bijiwar series. 

Behar area. — East of the Rehr and the Kanhar several lar^e inliers 
of g’neiss and of granitoid rocks, of more or less intrusive character, occur 
witliin the slate area, and at the Koel gneiss is the only rock seen below 
the Vindhyans. This encroachment of the crystallines upon the zone of 
the transition rocks is extended in Behar, where gneiss reaches for some 
miles north of the trunk road west of Gya, quite across the strike of 
the slates. Several hills isolated on the alluvial plains in this neighbour- 
hood are of thorough granite. 

Immediately east of Gya, transition rocks appear again, on the pro- 
longation of those in the Son valley, and having the same strike. They 
form several groups of hills in East Behar, most of which stand clear of 
the main gneissic area, being more or less isolated in the alluvial plains. 
These are the Maher (Mu)iair), RAjgir, Shaikhpura, Karakpur (Curruck- 
pore), and Ohidaur hills. Those of Mah^bar and Bhiaura are on the 
northern margin of the gneissic upland. The aspect of all these hills at 
once shows that they must be formed of very different rocks from the 
Bijiwars of the west, aud suggests also that all these Behar rocks belong 
to one formation. They present, generally on every side, scarped faces 
formed of massive quartzites, the associated schists or slates appearing 
obscurely in the valleys. All the peculiar Bij a war rocks are wanting; 
there is no limestone, hornstonc, jaspideous ironstone, or bedded trap. 
The only similar rocks in the west are the slates of the JRehr section ; 
and there the quartzites, which form such a prominent part of the tran- 
sition series of Behar, are absent. 

Wc have a somewhat detailed description of the Mahfibar and 
Bhiaura hills by Mr. Mallet ;* and the relation of the two rock-series is 
shown to be very peculiar. The transition series here consists of three 
divisions : an upper, composed exclusively of strong quartzites, as seen in 
Mahabar hill; a thick iniddleband, in which fine mica-schists largely pre- 
dominate; and a basal member, in which quartzites again occur, some- 
times in great force, as when forming the Bhiaura ridge, but at no great 
distance they may be altogether wanting. This proved inconstancy of 
the bottom quartzites will (by leaving their presence or absence a character 
of no importance) make it easier to correlate the group with other rocks ; 
while their frequent presence here is of great service by removing the 
doubts that so often arise as to whether planes of lamination in schistose 
rocks of uniform composition are due to bedding or to cleavage. 


* An abitract of it, without a map, is published in Rec., G. S. I., Vol. VII, page 82 . 
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It would be difficult to draw a more irregularly intricate line than the 
transition and gneiss boundary on Mr. Mallet^s map. Near the Bhiaura 
and Mahabar ridges there is some approach to an average east-and-west 
strike of the boundary, but as the plane of junction between the two 
series rises to the south, its line of outcrop meanders about in the most 
devious manner. This is not due, as might easily occur, to the irregular 
denudation of two deposits in flat parallel superposition. Here the lower 
(older) rock, as a rule, forms the prominences, between which the schists 
are deeply buried ; yet the bedding in both rocks is found to follow the 
intricate twistings thus produced, the actual junction being generally 
inclined at a high angle. If the whole surface of contact of the two 
series could be cleared to view, it would be something like that of the 
sea in a cyclone. 

Even in the absence of the bottom or Bhiaura quartzites, the boundary 
can always be fixed with precision, on account of the strong contrast 
between the fine mica-schists and the coarse gneiss ; yet the transition 
rock seems to have fully partaken in the raetamorphic action, for it is 
a thorouglily crystalline garnetiferous mica-schist up to the base of the 
Mahabar quartzites. Similar variations are found in the gneissic series 
at the contact ; on the north side of the Bhiaura ridge the bottom 
quartzites lie steeply against the dome-gneiss (p. 20) ; elsewhere schistose 
gneiss occurs at the boundary. The dykes and massive outbursts of pegma- 
titic granite of this region are principally exhibited in the transition series. 

A very clo'se connexion is thus established in this position, by con- 
formity of stratification and by a common metamorphism, between the 
transition rocks of Behar and the gneiss in contact with them ; and it 
is probable that a large part of the gneiss of Bengal is of the same age 
as that at the boundary of the transition series. There is, for instance, 
a very distinct outlier of the Mahdbar schists and Bhiaura quartzites on 
the plateau, 80 miles to the south of the boundary in Behar, just north 
of the Grand Trunk Road at Barhi. 

There can scarcely be a doubt that the rocks of the Rajgir and other 
detached hills of Behar are of the same formation as those of Mahabar, 
and so the contrast of their mineral condition is interesting. The latter 
have undergone general crystalline metamorphism, the former have only 
very locally suffered this change, being for the most part still in an 
earthy, slaty condition. Yet it would seem that they too are closely sur- 
rounded by crystalline rocks ; for whenever rock is exposed through the 
alluvium near these hills, it proves to be granitic. At one spot near 
Ghansura, on the north side of the Rkjgir range, there is a contact showing 
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distinct intrusion of granite into the soft earthy schists. It is an ordi- 
nary ternary granite, not like the pegmaiitie granite of the Mahdbar 
j-eo-ion. In the immediate neighbourhood of Gya many forms of special 
metamoj’pliism and of contact-action are well exhibited. One result of 
special melamorpliism on the earthy ferruginous schists is to convert them 
into a soft massive trappoid rock, much worked into images and vessels. 
It would seem even that the conversion had gone the length of produc- 
ing in this rock the plasticity commonly ascribed to fusion. 

The amount of disturbance is rather greater in the detached bills, where 
the rocks arc less mctamorpliic, than it is in the Maluibar region ; and the 
very peculiar confused form of contortion— noticed above as marked in 
such detail by the surface of junction where the transition series rises to 
the south against the main gneiss — is well exhibited throughout the forma- 
tion, only in larger proportions in the top beds of the series. Mahabar 
ridge itself is a typical instance of this structure : it is a long, narrow, 
synclinal ellipse, the tpiartzites dipping at a high angle all round towards 
the centre, and curving continuously at each end of the axis. The R^ijgir 
range contains a pair of such ellipses compressed together, the quartzites 
being for the most part quite vertical along the sides. The Karakpur 
(Curruckpore) hills, which form the largest of these groups, are a congeries 
of these discontinuous flexures, little or no regularity being observed in 
the direction of the axes of contortion. This structural feature as a whole 
is very puzzling, and apparently inexplicable on the conditions of rigidity 
which are sometimes considered essential in geological dynamics. 

Gneissoid bottom-beds of Lakiserai. — There is still a point to 
mention in connexion with these transition rocks of llcliar. We have 
seen them in the Mahibar ground resting in apparently regular sequence 
on the gneiss. Tlie only contacts observed about the Rajgir hills are with 
intrusive granite ; but some distance to the north of this position massive 
gneiss is exposed in the Barabar hills on the Gya and Patna road. On the 
east and south of the Karakpur hills the quartzites are in contact with 
gneiss, but the ground has not been critically examined ; on the north a 
boss of granite appears close to the base of the hills at Urain, south of the 
loop-line near Kajrah station. Wc have still to notice the rock underlying 
the quartzite in the small ridge of Shaikhpura and in the little hills a few 
miles to the east at Lakisarai (Luckeesarai), the junction station for the 
chord and loop lines of the East Indian Railway. There can be little doubt 
that the quartzite of these localities is the bottom-rock of the Behir transi- 
tion series, the Bhiaura quartzite. In the Shaikpura ridge it rests steeply 
against a rock having the texture of a thoroughly crystallised coarse 
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granite, but completejj decomposed. The relative position of the two 
rocks is precisely that of the Bhiaura quartzite and the dome-gneiss. 
Along a steady outcrop of some 2 miles Jong no feature of special in- 
trusion was observed, and there is no extra inetamorphism at this junction. 
The only contact-action that occurs is of secondary origin, in the forma- 
tion of layers and vein-like strings of a sharply cellular quartz-rock 
much used for making hand-mills. 

This section is noticed in connexion with the more decided one at 
Lakisarai, only a few miles to the east, on tlie same strike, where the 
quartzite again rests against an amorphous mass of pseudo-crystalline 
granitoid rock, but of much less sharply defined texture than at Shaikh- 
piira, and in which strings of jiebbles can be detected. This is underlaid 
by strong beds of coarse conglomerate having the same dip as the overlying 
quartzite. The pebbles and boulders in this conglomerate are mostly 
subangular, and are exclusively of varieties of quartzite like those of the 
overlying formation, none being of crystalline rocks ; they often appear 
elongated in the direction of the foliation, and adhere firmly to the 
matrix, which is a quartzose, sub-gneissose schist. Just east of Dhararah 
station some masses of this rock protrude through the alluvium close to the 
base of the Karakpur hills. Another outcrop of conglomeratic schist was 
observed under tlic cast end of the Gidhour range and dipping towards it. 

These Lakisarai beds remind one forcibly of the pseudo-gneiss 
observed conformably underlying the Bijawars in the section of the Ken 
river in Bundoikliand (page 30), and the suggestion revives, however 
slightly, the question of the possible correspondence of the transition 
groups in tlie two areas. 

There is another rock frequently found with the undulating gneissic 
rocks of Behar and elsewhere in this zone, or protruding from the alluvium 
near the hills, that suggests tlie same connection. It is a jaspideous 
quartzite, often brecciated, and not unlike the bottom Bij&war rock of 
Bundelkhand and the Dhar forest. It commonly has the same moderate 
dip as the rocks with which it occurs ; but when vertical or crushed, it 
readily mistaken for fault-rock or vein-stone. 

If the suggestions here made— of pseudo-gueissic beds occurring 
locally at the base of the Bijawars, and related to that formation — should 
be confirmed, a closer connection miglit be thought of between the 
Bijawars and a portion of the underlying gneiss in Bengal, than is implied 
by the simple parallelism and transitional metamorpbism seen in the 
Mahabar sections. Suggestions of an opposite tendency can, however, 
be pointed out from observations recorded in preceding paragraphs : it 
®was stated (p. 35) that the contrasting groups of transition rocks in 
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the northern and southern portions of the section in South Mirzapur, 
cannot be in any degree representative of each otlier by horizontal tran- 
sition ; and the presumption there would be strongly in favour of the 
southern beds, the slates of the Rehr being tlie older of the two. If 
the Behdr rocks had to be afliliated to either of these exclusively, it would 
certainly be with the latter group; and if with the whole series of 
Mirzapur, the Mahabar quartzites would have to represent the true 
Bijawars, which would thus be placed at the top rather than at the 
bottom of the local transition series. To adjust this point of view, 
we should have to suppose a break in the Bundelkhand section between 
the true Bijawars and the gnoissoid beds of the Ken. 

The Shillong transition series. — It has been already explained 
{supra, page SC), that the gneissic formations in Lower Assam and the hills 
to the south are more closely allied to those of the peninsular region of 
India than to the metamorphic formations of the Himalaya. This 
relation holds also for the transition rocks, which are largely developed 
on the south side of the hills, where the sub-metamorphic beds are for the 
most part covered by the horizontal cretaceous rocks of the jdatcau, but 
are exposed in the deep ravines that penetrate to the very axis of the 
range. The lateral extension of these transition rocks has not been ascer- 
tained ; on the central cross-section in the Khasi country, they stretch 
for 80 miles from near the south margin of the plateau to beyond the 
watershed north of Shillong, the culminating ridge with summits 6,450 
feet high being formed of the quartzites of the transition series, which 
rocks have hence been described as the Shillong series.^ 

The position of these Shillong beds is approximately on the con- 
tinuation of the long tract of transition rocks described as the Bijawar 
basin, and the rocks themselves have a general resemblance to those in 
Behar, at the east end of that tract. They consist of a strong band of 
quartzites overlying a mass of earthy schists. There also occur iutru- 
sively great masses of granite and of basic trap-rock. The former may 
well represent the similar rock seen to be intrusive into the slaty schists 
of Eajgir, and for the latter an origin has been assigned similar to that 
already suggested for certain trappoid rocks in Behir. Thus altogether 
the affinity is sufficiently marked to introduce the notice of the Shillong 
area in sequence with that of Behar. In the lofty and deeply eroded 
ground of the Assam hills the sections are much more favourable for 
study than on the alluvium-smothered plains country, and some very 
puzzling observations have been recorded regarding the relations of the 
hypogene rocks to the Shillong series. 

* Mem., G. S. I., Vol. VII, page 137. 



Peninsular.] 


SHILLONQ AREA. 


41 


The lithology of these Shillong rocks varies much according to local 
conditipus of metamorphism. In places the quartzites are quite friable 
and might be called sandstones ; but this state is probably due to partial 
decomposition, for the intimate texture always reveals the effects of che- 
mical change. Generally the rock is very firm and more or less schistose. 
It is coarser grained than is common in the Behar quartzites, and at 
the base, immediately over the slates or schists, there usually occurs 
a conglomerate, often of considerable thickness, made up chiefly of 
quartz pebbles, but with some rounded fragments of coloured quartzites. 
Still, so far as has been made out, the quartzite is conformable to the 
schists ; but in such troubled ground it is difficult to make sure of such 
a point. The schistose beds also exhibit much variety of texture, from 
ordinary clay-slate to well-foliated schists and gneiss. These changes are 
simultaneous in both quartzites and schists, and it is noteworthy that 
the increase of metamorphism is towards the south, away from the area 
of the old gneiss. 

The relation of the transition rocks to this gneiss has not been made 
out. On the only section of which we have critical observations, 
nearly due north-and-south through Shillong, the boundary with the 
gneiss occurs in the low jungle-covered hills, where observation is almost 
impossible. The dividing line between the two series crosses the high 
range to the west of our section, audit is there that the junction should 
be examined. The observation already noted, that the metarnorphism 
increases to the south, would suggest that the junction of the schists with 
the main gneiss to the north may be lithologically abrujjt. At the 
southern boundary there is a steep plane of contact between the highly 
altered transition rocks and the great accumulation of bedded eruptive 
rock known as the Sylliet trap, supposed to correspond with that 
of the Rajmahal hills, and therefore to be of Jurassic age. The creta- 
ceous sandstones lie evenly and unconformably on both formations. 

In the midst of the transition area there is an extensive exhibition of 
eruptive rock, of very different charac^r from the Sylhet trap. It is a 
dense, massive, basic diorite or greenstone. The high road between Surarim 
and Mauphlong crosses this rock continuously for 5 miles in the gorges 
of the Kalapani and Bogapani rivers. The direction of the road is oblique 
to the strike of the rocks ; but at right angles to its outcrop the greenstone 
is fully a mile wide. It nowhere betrays any bedded structure, and its 
intrusive character is not so marked as might be expected with so extensive 
a display of igneous rock. There is, however, sufficient evidence of intrusion 
from this greenstone : a well-defined dyke passes from the main mass into 
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the quartzite of the ridge, about half a mile soutli of Mauphlong. Else- 
where one may walk for miles along the junction of the two rocljs with- 
out finding any signs of penetration of one by the other. The 'general 
circumstances of this trap have suggested the conjecture that it is in 
great part the result of the conversion in situ of the slates beneath the 
quartzites. 

The relation of the granite, or at least of the larger masses of the 
ciystalHue rock, to the transition form,ation, is also very puzzling. Two 
such masses adjoin the high road across the Khasia hills. One is the 
Molim .arcajust south of the Shillong ridge, and close to the road between 
Mauphlong and Shillong. At Molina this granitic tract is 5 miles 
wide. Its extension to the east is not known. The other area is much 
more difficult of approach, the granite being only exposed in the deep 
gorges under the sandstones of the plateau, as on both sides of Surarim. 

The rock is a thorough granite; it commonly affects a spheroidal struc- 
ture, and it is composed of pale pink orthoclase, often in large crystals, 
a small proportion of very pale greenish oligoclase, a little dark green or 
brown mica, and abundance of disseminated hyaline quartz. Tliere 
can be no question that these great granitic masses are of later 
origin than the transition series; for the total want of symmetry 
in the arrangement of the surrounding sedimentary rocks forbids the 
supposition that they could have been dcj)ositcd round the granite; 
yet the same absence of any apparent connection between the form 
of the intrusive masses and tlie disturbance of the transition rocks is 
very difficult to understand. Tlie quartzites (the ui)per member of the 
transition series) are generally found at the boundary, but their dip 
and strike are quite independent of the proximity of the granite, as if 
their contortions had been fully established before the granite was intro- 
duced, and remained quite unaffected by it. The facts seem totally to 
preclude the notions of fracture and compression commonly associated 
with the w'ord intrusion. The supposition of the mass being faulted into 
position also lacks any corroboranve evidence ; the boundary lines are 
all rounded, and show no symptoms of Assuring. It is as if a great hole 
had been burned out of the old stratified rocks and the crystalline mass 
let in, or as if the transition rocks had been converted into granite up to 
a certain boundary without affecting the area beyond that line. Yet the 
facts seem equally against the operation of any agency like molecular 
transfusion (diagenesis) ; for the junction is quite sharp, the quartzites 
not being more altered at the very contact with the granite than away 
from it. In keeping with all these negative charactere is the fact that 
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no dykes or veins of granite have been observed issuing from these great 
masses (that of Molim), nor even in their neighbourhood. This is the 
more remarkable, because dykes and veins of similar granite are not un- 
common in the southern part of the area, where the general meta- 
morphism of the transition series is so much greater as to suggest that the 
focus of hypogcne activity lay in that direction, beyond the present limit 
of these formations, in the ground now occupied by the Sylhet trap. It 
is also in agreement with the facts and suggestions recorded to note that 
the granite is younger than the old dioritie Khasia trap : in the bed of 
the torrent under Surarim, on the east, several small dykes of granite 
are seen ramifying through the diorite. 

South-West Bengal. — The gneissic uplands of Ilazaribagh and 
Chutia Nilgpur (Chota Nagpore), about 120 miles wide, separate the 
transition rocks of Behar from those in South-west Bengal, occupying 
parts of Manbhum (Maunbhoom) and Singbhum (Singbhoom) districts, 
and stretching far to the west into the Garh jat States, the whole transition 
area being about 150 miles long from cast to west and 80 miles wide.* 

Although the total thickness of this series must be great, no dis- 
tinctive zones are marked in it. From top to base it seems to be an 
indiscriminate alternation of quartzite, quartzite-sandstone, slate and 
shales, hornblendic, micaceous, talcose, and chlorilic schists, the latter 
passing into potstone ; also some bedded trap. 

Several large inliers of gneiss occur within this basin of transition 
rocks. Around some of these inliers, the boundary is quite natural, /. e., in 
its original condition, as at Chaibassa, where shales and sandstones rest 
flatly and quite unchanged upon the coarse gneiss of the principal inlicr, 
and tlie unconformity of the two series is further proved in this case 
by the fact that the underlying gneiss is profusely traversed by trap-dykes 
which do not penetrate the surrounding deposits. The boundary between 
the transition rocks and the main gneiss of Bengal on the north is said to 
be a fault, on account of the more or less continuous presence along it of 
a rib of vein-stone. This boundary occurs, however, at the base of a long 
descending section of the transition rocks, and the beds along the line of 
junction are such as elsewhere appear as bottom-beds of the transition series. 
To the east, about Supur, there are outliers of the slate series beyond the 
supposed fault-boundary, and at Borobhum is an inlier of gneiss a short 
distance inside it. We can at least conclude that the junction here, whe- 
ther faulted or not, is abrupt, i. e,, without any gradation of strati graphical 
or inineralogical characters. In this part of the basin, the maximum of 

1 Our few observations on this ground are taken from manuscript reports by Mr. V. Bull. 
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disturbance and of metiimorphism seems to occur away from the boun- 
daries. Further to the west, however, the junction of the slate and 
gneissic series is described as transitional ; and granite veins penetrate 
the sliales without much affecting them. 

The most striking feature of this area is a mass of dioritic trap running 
continuously, nearly east and west, through the centre of the transition 
basin, but varying in width. Dalma hill, 3,050 feet high, is formed of 
this rock ; and here the outcrop is nearly 3 miles wide. The trap 
is described as a great dyke, occurring along the axis of a synclinal 
trough. As the succession of the strata on opposite sides of the synclinal do 
not correspond, there would seem to be faulting accompanying the fissure. 
The composition of the dyke is rather peculiar : the axis of the Dalma 
ridge is formed of a decided breccia, the rock on the flanks being com- 
pact or amygdaloidal, with included bands or nests of indurated chloritic 
schists. The transverse section of it, north of Ramgarh, a little to the 
west of Dalma, is as follows : — 

1. Indurated cLloritic scljLst. 5. Indurated chloritic schist. 

2. Porpliyritic trap. 6. Brec(;iated trap. 

3. Indurated chloritic schist. 7. Indurated chloritic schist. 

4. Compact and amygdaloidal trap. 8. Brecciated trap. 

The Arvali region. — The largest area of transition rocks in India is 
the Arvali (Aravulli) region ; but so little is known of it that nothing like 
a systematic description of the formations is possible. That gneissic rocks 
largely prevail in the southern and central part of the area, and sub- 
metamor])hics in the north, has long since been noticed; it is only quite 
recently that Vindhyan strata have been observed to the west of the 
Arvali axis. The discovery at the same time of plant-bearing beds, 
perhaps specific representatives of some Gondwana group, at the base of 
the Jurassic deposits of Jesalmir, suggests the possible occurrence of 
outliers of this formation within the area. 

Tlie marine Jurassic beds of Western Rajputana form to the west- 
ward the natural limit of the Arvali as a geological region. It is, how- 
ever, a boundary that can only be fixed at a few points, the whole surface 
being greatly covered by superficial deposits, consisting largely of blown 
sands. The same difficulty of demarcation is still more felt to the north. 
The greater part of the Punjab plains is of recent, scarcely pre-historic, 
origin, all the great rivers being still for the most part occupied in raising 
their beds ; but so far as we know of its underground geology, the whole 
of this country belongs to the Arvali rock-area. The few small hills on the 
Chendb, at Chiuiot and Kariana, within 40 miles of the Salt Range, are 
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of sub-metamorphic rocks, and presumably greatly older than the Silurian 
or pre-Silurian beds at the base of the section in that range. This is by 
far the nearest point of approach in North-Western India between the 
Peninsular and Himalayan formations, to which latter region the Salt 
Range evidently belongs. Thus the Arvali rock-area, or geological region, 
has a much wider extension than the geographical feature from which the 
name is taken. 

Bigawars of Bagh and Jobat. — In the extreme south-east of this 
region, in the Lower Narbada Valley at Bagh and. Jobat,* the Bij^war 
formation has been recognised, specifically identical with the beds in the 
Dhar forest [supra, page 31), the two localities being separated by 80 
miles of Deccan trap. This interval, however, is not the principal 
reason for separating these western localities from the Bijawar basin : 
throughout this latter area, for several hundred miles, the strike of the 
bedding, the cleavage and the foliation in all the rocks, is steady to east- 
north-east, whereas in the Bagh country the strike in both gneiss and 
Bijkwars is north-west to south-east. This distinction would, indeed, 
afford an equally good reason for detaching the Bagh ground from the 
Arvali region, where the dominant strike is north-east to south-west; but 
the fact that the underlying crystalline rocks are continuous, must be 
taken to decide the question : it is in connection with the Arvali area that 
the affinities of the Bijawarsof Bagh and Jobat would be directly studied. 

All the most characteristic rocks of the formation are well represented 
at Bagh — quartzite, hornstone, breccia, and cherty limestone, and 
here again iiiterbedded trap occurs, though not found in the Dliar forest 
area ; clay-slate, too, is here more prominent. The town of Bagh stands 
on the small triangular area of Bijawars near their south boundary, which 
is overlapped by cretaceous rocks; the other two boundaries with the 
gneissic rocks are faulted. The area only extends 7 miles to the north- 
north-west, and 5 miles to the east of Bagh. The rocks are highly 
disturbed and cleaved, but the metainorphism is local and moderate. 

Jobat is about 16 miles west-north -west of Bdgh, and stands at the 
southern point of another small patch of transition strata. The condi- 
tions are peculiar and puzzling. The only recognisable Bijawar roek is 
a very typical one, a ferruginous jasper, locally brecciated, with veins of 
hornstone. It lies almost horizontally, forming a low, scarped plateau. 
Along the north-east border, south of Anthi, black and grey schistose 
slates appear between the jasper and the metamorphies, the foliation and 
apparent bedding in both schists and gneiss being parallel, with a high 


* Described, Meiu., G. S. I., VI, pp. 193 to 202, 303, and 314. 
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dip to the soutli-west. Both rocks are highly charged with vein-quartz, 
suggesting local crushing or faulting. Accepting these beds between the 
jasper rock and the gneiss as Bijawars, the similarity in the composition of 
the transition and gneissic series and their general affinity are considerable : 
within the transition area, north-west of Saimulda, there are outcrops of 
talcose and schistose slates and quartzite, with a strong band or vein of 
coarsely crystallised ternary granite distinctly intercalated in the cleavage- 
strike (apparent bedding) . The schistose slates at the contact of this vein 
are not more crystalline than usual, and the granite differs from that gen- 
erally found in the metamorphics. West of Saimulda, close to Andhdri, 
the slates appear to pass along their strike into gneiss and hornblendeschist, 
becoming more and more crystalline as ttie metamorphics are approached ; 
but there may be’ a concealed fault between. Near Jobat, and again 3 
miles to the north-west (along the strike), friable calcareo silicious rocks> 
with seemingly contorted bedding, underlie the horizontal jasper rock. 

It is evident that the question here turns upon the point before 
alluded to (s/tpra, P-31), whether or not the apparent bedding in the schists 
is real or only induced. In the former case, they can have no connexion 
with the jasper bed, which would then be the only representative of the 
Bijawar formation in this ground. This is, perhaps, the true solution of 
the difficulty. 

The Ohampanir area. — In the same south-western quarter of 
the Arvali region there is another basin of transition rocks. It lies 
between the gneissic upland and the alluvial tracts at the head of the 
Gulf of Cambay. Here, too, the general strike is west- north-west, 
nearly at riglit angles to that of the Arvali range, but the formation lies 
within the same area of azoic rocks, and so may yet admit of more 
exact affiliation. The following notice is extracted from the original 
Memoir on Western India * : — 

A small tract, about 30 miles east of Baroda, consists of beds which, 
although somewhat similar in general character and state of serni- 
metamorphism to the Bijawars, differ so greatly in their mineral compo- 
sition that it appears probable they must belong to a distinct group of 
rocks. They do not contain any of the rocks so characteristic of the 
Bijawars, while their own marked beds are wanting in that series. It is 
by no means clear whether, if distinct, they are higher or lower in the 
general sequence ; they vary greatly in the extent to which they are 
metamorphosed, and they are, in the area examined, entirely isolated ; 
very probably they do not differ greatly in age from the Bijawars. 


» Mem., 0. S. 1., Vol. VI, p. 202. 
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^^Tlie area occupied by these beds extends for about 20 miles to the 
east from Powagarh hill, and for 7 or 8 miles to the south from ChAm- 
panir, at the north-east base of the hill. To the north, they stretch for 
a considerable distance, but have not been examined. There is also a 
small tract of hilly country a few miles farther south, which appears 
to consist of them. As it does not appear at all certain whether 
they can be referred to any one of the systems of rocks hitherto described 
as intervening between the metamocphies and the Vindhyans in Central 
India, it appears best to give them a temporary and local name, and 
that of the old town of Chainpanir, the former capital of the Mahomedau 
kingdom of Guzerat, appears best suited for the purpose. 

‘^The principal constituent rock of the Champanir beds is quartzite 
or quartzite-sandstone, very similar in character to rocks which occur 
both in the Bijawars and the metamorphics. The other beds are mostly 
slates, conglomerates, and limestones, ferruginous bands occasionally 
occurring.* Some of the limestones are highly crystalline; in one 
place near Kadwal they were found to contain actinolite ; in other 
places, as near Surajpur, they were quite unaltered. All the rocks 
susceptible of cleavage are highly cleaved, the planes striking about 
west lO"" — 20'^ north in general. Some of the slate appears to be so 
fissile tliat it might probably be made available for roofing. 

^^The conglomerates are perhaps the most distinctive beds in the 
group. They are well seen about Jhaban, on the road between Surajpur 
and Jainbughora. The matrix is in general a coarse, gritty sandstone, 
containing pebbles and boulders often a foot in diameter, and occasionally 
more (one w^as measured which amounted to 3 feet), and consisting 
of granite, quartzite, talcose slate, and crystalline limestone. The talcose 
slate of which some of the pebbles are composed is scarcely more meta- 
morphosed than the Champanir beds themselves. The quartzite 
boulders are the largest. The limestone pebbles are very numerous, 
and as they are dissolved away on the surface by exposure to the weather, 
the hollows which contained them remain empty, and give a peculiar 
vesicular appearance to the rock. Some of the limestones of the pebbles 
contain silicious laminm, as in the limestones of the Bijawars, but the 
rock in this case is more crystalline ; it rather resembles the limestone 
in the metamorphics east of Kanas. The cleavage which is character- 
istic of the Champanir beds throughout, is frequently apparent in these 
pebbles, though it is but rarely distinguishable in the sandy matrix ; 
none of the pebbles are typically Bijawar. 


* Some of these ere a rich iron-ore, and occasiounlly they coutuiu much inaii^uuesc. 
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"At one place near Anandpur, the matrix of the cong'Iomerate appears 
to be a perfect breccia, a mixture of angular fragments of black slaty 
silicious rock and coarse sandstone, both containing pebbles. This is near 
ti^e junction of the conglomerate with slaty beds, the latter apparently 
the newer. The rocks appear to have been much crushed ; they look as 
if angular fragments of slate had become mixed with sandstone, and 
then all re-consolidated. The granite and quartzite pebbles, however, 
exhibit no signs of any violence. 

"Very little can be ascertained of the sequence of the beds. The 
slates, limestones, and quartzites of Surajpur are evidently high in the 
series ; they appear to rest upon the conglomerates of Jhaban, and these 
again upon the quartzites of Narukot and Dancliapura. Judging from 
the extent of alteration, too, the Surajpur beds are high in the group ; 
but no base is seen, unless the quartzites of the southern patch rest 
upon granite about Mankipur. These quartzites much resemble those of 
Narukot, &c. 

"llcference has already been made to the apparent passage of Bijdwars 
into metamorphics ; in the case of the Ch/5mpanir beds, the appearances 
are much stronger, especially along the southern boundary ; so much 
so, indeed, that it is frequently almost impossible to determine exactly 
where that boundary should be drawn. Within the tract occupied by 
the nietamorphlc rocks, quartzites which have in no way the appearance 
of outliers, occur in several places, as near Mirwania, and again west of 
Jambughora. In the latter case, a true conglomerate containing large 
rolled pebbles of quartzites, &c., and very similar to the conglomerate 
already described as occurring a little further to the north-west, within 
the Champanir area., is Ibund amongst the metarnorphic rocks. The 
same apparent passage occurs south of Surajpur, the Chdmpanir beds 
being more crystalline near the boundary. There is, of course, the 
possibility of faults accounting to a great extent for the apparent pas- 
sages, and when rocks do not differ greatly in mineral composition, 
apparent cases of transition are very likely to occur ; but still there is, 
in places, an apparent gradual change, both along the line of strike and 
across it, from Chdmpanir beds into metamorphics.^^ 

The Arvali proper.— A considerable area of the central Arvalis, 
north of Abu and Udepur (Oodeypoor), has been cursorily examined ; we 
can at least indicate the main features of the ground and the points that 
most need elucidation.* South of Ajmir, the hills form a continuous 
range, having a width of about 30 miles, and including summits ranging 

* The observfttionR on this nren arc tnhen from reports by Mr. C. A. Hacket : Records, 
Vol. X, pHgc 84, and map. 
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up to 4,200 feet in elevation. The rano^e is composed of a series of 
ridges with deeply excavated valleys, having a steady strike to north- 
east-by-north. The watershed occurs in a central depression, from which 
the streams pass by narrow gorges through the ridges on each side. 
North of Ajrnir, for nearly 100 miles, the continuation of the range 
consists of narrow and broken ridges of small elevation and separated 
from each other by several miles of alluvium. Further north, in 
Shaikhawati (Shckhawuttee), Alwar (Ulwur), and Beana, there are 
again some considerable groups of hills surrounded by alluvial deposits 
or blown sand. 

It is only in the areas of more or less connected outcrops that there 
is any chance of working out the succession of the formations. In the 
central area, south of Ajrnir, the lowest rocks, consisting largely of gneiss, 
are exj)osed ; while in the smaller hills to the north the upper formations 
are almost exclusively found. This contrast is, to some extent, an effect 
of surface conditions, for it is plain, from the fringing outcrops of gneiss 
at the base of the northern hills, that the wide alluvium-covered areas 
here are for the most part formed of this rock. 

Ill the Alwar hills, the Arvali series has been divided into the follow- 
ing groups : — 

Mandan — slates, schists, quartzites. 

Ajabgarli — slates, quartzites, breccia, limestone. 

Alwar — quartzite, with suboixliiiate bands of schist, conglomerate, and bedded trap. 

Schist and liim;sUmc (Raidlo). 

Quartzite (Eaialo). 

The Mandan group is only known in isolated hills, as at Mandan, Tasing, 
and Barod, 25 miles north-west of Alwar; so that its position, and even 
its validity as a separate group, are somewhat doubtful. The Ajabgarh 
group is well exposed about the village of that name in the hills 25 miles 
south-west of Alwar, where its superposition to the Alwar quartzites is 
well seen. The Alwar group is by far the most important. It is locally 
divisible into several unconformable groups, having a great aggregate 
thickness ; so that it is virtually a series rather than a group. In the 
southern part of the Alwar hills, the Baialo limestone and quartzite form 
a doubtfully subordinate or affiliated member beneath the main mass of 
the Alwar quartzite, which elsewhere rests upon gneiss or passes into it. 

The Beana hills (24 miles south-west of Bliartpur), 16 miles long by 
10 broad, are formed altogether of the Alwar beds, which are here clearly 
divisible into five sub-groups, each many hundred feet in thickness, and 
more or less unconformable to each other ; the unconformity being shown 
either by simple overlap, or by intervening denudation, or by stratification 

D 
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in oblique contact showing' intervening disturbance. The sub-divisions 
are named after the principal villages of the neighbourhood, as follows, 
in descending order 

Weir — quartzitos and black slaty shales. 

Damdama — quartzites and conglomerate. 

Beana — white quartzite and conglomerate. 

Badalgarli — quartzite and shale. 

Nithahar — quartzite and Iwddcd trap. 

It is possible that a very close examination might detect corresponding 
sub-divisions in the apparently continuous sequence of quartzites in the 
hills of Lalsot and Alwar. The bedded trap oP the Nithahar group 
corresponds with that at the base of the Alwar quartzites on tlie south 
side of the Alwar bills, and it is again found on the same horizon, to the 
south, in the llimtumbour hills. The Kaidlo beds are not found in the 
Beana hills. 

On the whole, the Arvali transition rocks are strongly metamorphic. 
The quartzites are commonly sub- vitreous, although sometimes still a free- 
stone, forming a very fine building material. The limestones are mostly 
in the condition of crystalline marble; and the schists, even of the Man- 
dan group, often abound in crystals of andalusite, staurotide, and garnet. 
The conditions of disturbance correspond with those of raineralogical 
change ; high dips and sharp flexures are the rule, flat undulations the 
exception. 

It is in the relation of the Arvali series to other formations that the 
interest and the difficulty lie. Where first observed in the Alwar hills, 
the ciystalline metamorphic rocks are badly exposed, and the Alwar 
quartzite seems locally to rest abruptly and unconformahly upon a gran- 
itic gneiss, whereas elsewhere it passes downwards, by inter-stratification, 
into a well-foliated gneiss. Had these conflicting relations not been ex- 
plained, we should have had to distinguish two gneissic formations within 
the area. From the examination of the Ajmir ground, however, where 
the base-rocks are exposed, it becomes evident that the supposed granitic 
gneiss of the Alwar hills is really intrusive granite, younger than the 
Alwar quartzite. The granite is most abundant'along the axis of the range, 
on a line through Ajmir, Bciiwar, and T&ragarh, being generally in the 
strike of the beds, hut also cutting across them into the Alwar quartzites. 
In the Ajmir hills, there are also numerous sections showing the Alwar 
quartzite passing down into black gneissose mica-schists with crystalline 
limestone and schistose quartzites. These would answer approximately to 
the llai&lo beds of the Alwar hills, and they pass downwards into the 
gneiss ; no separation being discernible. The gneissose Raialo beds are 
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the prevailing rock in the Ajmir country, the limestone being very 
inconstant, even within short distances. 

The Ajmir section would agree well enough with those in the Alwar 
hills, save for some still doubtful cases, where the Raialo beds seem to bo 
altogether wanting, and the Alwar quartzite is close to gneissic beds of a 
lower type, thus suggesting here a break in the scries, which to the 
south is unbroken. This discrepancy of the sections at Ajmir and Alwar 
suggests an explanation of a difficulty that occurs in the Beana hills, 
about Nithahilr, where the bottom band of the Alwar group (the Nitha- 
har quartzites and bedded trap) is found resting on the edges of vertical 
schists and thin quartzites, no other supporting rocks being exposed in this 
neighbourhood. It has been stated above how in the Beana hills the 
several sub-divisions of the Alwar group are more or less uuconformable 
to each other, involving intervening disturbance and considerable denuda- 
tion, whilst corresponding breaks are only suggested in the Alwar hills 
by the occasional presence of conglomerate bands. In the Ajmir 
country, even this evidence of intervals between the groups is not found. 
It would, however, be a stretch of stratigraphical rules to look upon such 
total unconformity as that of the Nithahir beds on the schists as a mere 
local break, and to admit these schists into the Arvali series. Accord- 
ing to ordinary practice, these schists would be considered older than the 
gneiss, with which the same Alwar quartzites are in conformable sequence 
at no great distance (30 miles). This would, however, be a still more ano- 
malous position to take up ; so we are forced to find a horizon for those 
slaty schists of Nithahar between the trappean zone of the Alwar quartz- 
ites and the bottom gneiss. Perhaps, the least forced view to adopt is 
that they represent theltai^lo beds;* in which case these can scarcely be 
kept in the Arvali series, which would then end (downwards) with the 
Alwar quartzites. The trappean beds at the base of the Alwar group in 
the northern hills are not found south of Ajmir. 

The relation of the Arvali series to younger formations is also not 
free from doubt. The boundary of the adjoining Vindhyan basin is for 
the most part a straight fault-line, running north-east to south-west, 
parallel with the strike of the older formation ; but south-west of Karauli 
there are some outliers of the Vindhyans resting, with more or less of 
unconformity, on Ajabgarh beds of the Arvali series. The puzzle occurs in 
a broken ridge, running close to, and parallel with, the Vindhyan boundary 
through Hindon, and reaching on the north-east to within 3 miles of 
the Beana hills. This ridge is mostly formed of well-characterised Gwa- 
lior rocks (the ferruginous banded jasper beds), which are placed in our 
1 This is at preaeut Mr. Racket’s view of the case. 



62 


GEOLOGY OF INDIA— LOWER TRANSITION ROCKS. [Chap. 11. 


upper transition series^ as explained elsewhere. Here they are his^hly 
disturbed, but not more altered than the Arvalis of the Beaiia hills. Were 
these rocks of the Hindon ridg^e quite isolated, one would scarcely hesitate, 
from the general conditions of the formations concerned, to place the Gwa- 
liors higher than the Arvalis, the contrast between the composition of the 
two groups in close proximity forbidding their being identified with each 
other. But, with the Gwalior jasper beds, there are remnants of a distinct 
and overlying formation consisting of quartzite sandstone with some red 
and black slaty shales and irregular bands of limestone. These also are 
nearly vertical, and roughly parallel to the jasper beds, but certainly uncon- 
formable to them. The mechanical relation (parallel unconformity and 
parity of disturbance) would answer well for that between the Vindhyans 
and the Gwaliors in the standard area, 70 miles to the south-east across the 
Vindhyan basin; but these upper beds of the Hindon ridge arc much more 
like to some in the Arvali series than they are to any in the adjoining 
Vindhyans. In the Alwar conglomerates of the Beana hills, moreover, 
pebbles have been observed very like the Gwalior jasper. It is agreed, 
however, for the present to overlook these objections, and to consider these 
upper beds to be Vindhyan, in view of the more difficult alternative of 
introducing the whole Arvali series between the Vindhyans and the Gwa- 
liors ; and of finding a place for the Gwaliors, as well as for the Nithahar 
schists, between tlie Arvalis and the gneiss.^ The absence of any repre- 
sentative of the Gwaliors between the Vindhyans and the Arvalis in the 
adjoining ground, south-west of Karauli, is another obstacle to the in- 
terpretation proposed. 

The many narrow ridges stretching from the south-west into the 
plains at Delhi and to the west in Hissar, arc probably formed 
of some group or other of the Arvali series. They all have a core of 
quartzite with more or less vertical bedding, and the associated rocks, as 
far as they are exposed on the flanks of the ridges, indicate advanced 
metamorphism. The well-known flexible sandstone of Kariana, 60 
miles due west of Delhi, occurs in one of these outliers of the Arvalis ; it 
is a locally decomposed condition of a band of gneissosc quartzite that 
is much quarried for quernstones (hand-mills). 

Korana hills. — Far to the north-west of the Hissar country, after a 
wide interval of plains, traversed by the Sutlej and the Ravi, some hills 
occur on both sides of the Chenab, at Cheniot and Korana. These hills, to 
which rcl'crence was made a few pages back, are only 40 miles distant from 

1 Mr. Ilnekct suggests that there may be inversion in the Hindon ridge, whereby the 
apparently upper rooks (now supposed to he the Vindhyiius) may really be the older, and 
thus presumably Arvalis. 
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the Salt Range, but the rocks are totally different from any that occur 
there, and correspond well with the character of the transition rocks of the 
Arvali series. They consist of strong quartzites, with associated clay 
slates, forming steep ridges with a north-east to south-west strike. The 
highest summit is stated by Dr. Fleming to be 957 feet above the plain. 
The rocks liere seem, from the uncertain observations given of them, to be 
in a less metamorphic state than those nearest them to the south-east — a 
fact wliich agrees with their remoteness from what is presumably the cen- 
tre of disturbance of the region. The oldest rocks of the Salt Range are 
probably (from their contrasting petrological conditions) very much 
younger than the strata of Korana; and as the former are at least 
Silurian, and probably older (the only Silurian fossils being found in a 
group some distance above the bottom beds) we obtain a small hint 
upon the age of these transition deposits, 

Malani beds. — In the south-west quarter of the Arvali region we 
may perhaps rank with the lower transition series the peculiar eruptive 
rocks described as the Malani beds, as follows ^ 

It is evident that these, the oldest rocks met with in the portion of 
the desert traversed, are volcanic. Their extremely silicious nature may 
be due to alteration, but their porphyritic character, and the occasional 
occurrence of ash beds, sufficiently attest their volcanic origin. They 
consist principally of very silicious felsitcs, so hard that they are not 
scratched by quartz, and have frequently the appearance and texture of 
jasper. They vary greatly in colour, from black or dark brown to })ink, 
blue or white, the dark-coloured rock being always hard and undecom- 
posed, whilst the light-coloured varieties are softer and appear to be 
altered. The most constant character is tlie presence of small crystals of 
felspar, usually of a pink or red colour, in addition to whicli small grains 
of trans])arent silica are frequently disseminated througliout the rock. 

In places diorite was found associated with these rocks, and in some 
of the hills west of Balmir, coarsely crystalline granitoid syenite and peg- 
matite are intercalated in large masses with the porphyritic felsites. 
True granite may occur, but in the few hills examined mica was absent, 
although the character of the rock was distinctly granitic. The presence 
of similar granitoid rocks elsewhere is rendert?d probable by the occur- 
rence of pebbles and boulders in some of the later formations. 

1 Records, G. S. I., Vol. X., p. 17, 1877. The poi-tion of the desert traversed was 
that in the neighbourhood of the road from Umarkot to Jodhpur via Ralinir, and from 
Jodhpur to Rohri via Jesuliuir. The iiaiuc Malani is that of a large district belonging 
to Jodhpur j the principal town is Balinir. 



54 


GEOLOar OF INDIA— LOWER TRANSITION ROCKS. [Chap. II. 


The Malani rocks must be very ancient^ but no idea can be formed 
of their geological position, as they are nowhere associated with rocks 
of known age except wliere underlying beds of comparatively recent 
date, and nothing resembling them appears hitherto to have been detect- 
ed elsewhere in India. They form the hills extending upwards of 30 
miles west of Balmir, and south as far as Chotan, 25 miles south-west 
of Balmir, and north probably to Vinjorai, 35 miles south -south-east o^ 
Jesalmir. South of the Balmir hills, no rocks arc known to occur for a 
considerable distance, but the syenite hills of Nagar Parkar, which are 
in this direction, may probably belong to the Malani series. To the 
eastward of Bilmir, no rocks are seen for 80 miles, but the prophyritic 
felsites are extensively developed on the Luni river for many miles below 
Jasol and Panchbhadra ; they appear to form a portion at least of the 
high hills south-west of Jasol, towards Jailor; they constitute the few 
rocky hills which rise out of the sandy plain between Panchbhadra and 
Jodhpur, and they re-appear at Jodhpur itself, where some of the beds 
arc unmistakable volcanic ash. On the road from Jodhpdr to Jesalmir, 
their presence, except near Jodhpur, was only detected in the neigh- 
bourhood of Pokrau. 
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CHAPTER III. 

PENINSULAR AREA. 

TRANSITION OR SUB-METAMORPHIC ROCKS, UPPER SERIES. 

General characters — Gwalior area — Kadapah area — Paupiij^ni group Cheyair 
group — Nallamalo group — Krishua group — Kuludgi area. 

General characters. — It has been already explained thjit the divi- 
sion of the transition system into an upper and a lower series has heen 
adopted, to a great extent, as a matter of convenience, in order to mark 
common characters of likeness in some of the many separate rock-basins, 
and for the jmrpose of indicating a possible distinction in age between the 
two divisions. The extremes of the whole scries are well marked ; on the 
one side by a close relationship to the adjoining mctainorphic rocks, as in 
13ehar, on the other by a total severance from them, as in the Gwalior 
basin. This character would be an absolute distinction if it were certain 
that the crystalline rocks were of the same age throughout ; but it has 
been shown that on opposite sides of the Bijawar basin the same transi- 
tion beds are in total contrast with the gneiss of Bundelkband, while 
they are intimately connected with crystalline rocks in the Son valley. 
Tlie difficulty mcon)paring the relations of detached basins of transition 
strata might be got over if there were any really independent criterion 
of the relative ages of crystalline metamorphic rocks ; but there is no 
prospect of such a test being available, and to ap 2 >roach a solution by way 
of detailed work in the field and the laboratory would be an extremely 
tedious and difficult undertaking. We can thus for the present only 
suggest a tentative grouping of these rocks, as lower and upper transition : 
the former, as has alreaily been mentioned, being those that exhibit com- 
monly or frequently an advanced state of disturbance and metamorphism 
with intimate or doubtful relations to the giieissic rocks ; the latter, those 
that arc comj)aratively little affected by metamorjdiism, and are quite 
separate from the contiguous gneiss. 

These difficulties and compromises are well illustmted in the Bundel- 
khand region. On opposite sides of the area, more than 100 miles apart, 
the Bijawar and the Gwalior formations rest horizontally or with a 
gentle sloj^c upon the gneiss, in precisely the same mechanical relation. 



56 


GEOLOGY OF INDIA— UPPER TRANSITION ROCKS. [Chapter III. 


The denuded outcrops of the quai-tz- reefs traversing tlic gneiss are in 
hoih eases covered by the bottom deposits of tlic overlying transition 
groups. A slight difPereiice is noticeable at the actual contact ; the bot- 
tom layer of the Bijawars is commonly more or less adherent to the 
gneiss, the result of the partial metamoi*j)hism that the Bijawars, even in 
Bundelkhand, have undergone ; whereas in the (xwalior rocks the j)urely 
mechanical texture is still unaffected in the bottom contact-layer. But 
this difference could count for nothing at so great a distance. 

A gejieral list of the rocks of the Gwalior formation would not 
suggest any separation from the Bijawars. Ea(^h contains sandstone or 
quartzite, limestone, jasper, and iron bands and bedded traps. The arrange- 
ment of these different strata is, howewer, markedly differcnl. in the two 
cases; and the general facies of these two series does not suggest to the 
obseiwer that they are representative. Still the Gwaliors are rather 
more nearly allied by mineral characters to the Bijawars than to the 
lower Vindliyans, and on this account the Gwaliors are pla(;ed in the 
intermediate, or transition, ralher than in the upper series of azoic form- 
ations, The unconformity of the upper Vindhyans uj>on the Gwaliors 
is, moreover, of a very marked character : at Ladera (1 6 miles south- 
east of Gwalior), Viridhyan sandstone rests upon the gneiss at a lower 
level than the bottom Gwaliors in the scarp close by. 

Three widely separated basins have been classed as upper transiiion 
rocks : that of Gwalior in Northern India; that of Kadapaliin the North 
Karnatic region ; and that of Kaladgi in the South Mahratta country. 

Gwalior Rr6a>, — The Gwalior area is the smallest of the three, being 
only 50 miles long, from east to west, and about 15 miles wide.* 
It takes its name from the city of Gwalior, which stands upon it, sur- 
rounding the famous fort built upon a scarped outlier of Vindhyan sand- 
stone, which rests on a base of massive bedded trap belonging to the 
transition j)criod. The composition of the Gwalior formation is very 
mixed, and admits of only a two-fold and very unequal sub-division. 
There is constantly at the base a sandstone or semi-quartzite, called the 
Par sandstone, from a town 12 miles south-west of Gwalior, a fine- 
grained stone, pale grey in colour, regularly and thinly bedded. It 
varies from 20 to 200 feet in thickness, and is overlaid by about 2,000 
feet of strata consisting mainly of thin flaggy silieious or ferrugi- 
nous shales copiously intcrbaiided with horn stone and jasper, both 

> 1 here IB a short notice of the Gwalior forination by Mr. C, A. llackct, in the Records, 
Geological Survey of India, Vol. Ill, page 33. It is also mentioned in Mr. Ilacket’s 
paper on the North-East Arvali region : Records, Geological Survey of India, Vol. X, page 
84, with a sketch map. 
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finely bedded and conerctionary. The jasper is frequently of a brilliant 
red colour. Limestone, more or less cherty, occurs on two principal hori- 
zons in these shales, but not continuously; and there are two principal 
zones of a dense basic dioritic trap. All these upper beds, constituting 
the bulk and tlie characteristic j)ortion of the Gwalior formation, have been 
distinguished from the J^ar sandstone as the Morar group, the name being 
taken from the military station close to Gwalior. 

AVith the exception of some very local slips and crushing, the Gwalior 
rocks are undisturbed, having a steady low northerly inclination of only 
3° to 5°. The features of the area correspond with this arrangement of 
the rocks. There is a continuous broad plateau- ran go on the south, from 
300 to fjOO feet high, formed largely of the Par sandstone. On the west 
it is connected at right angles with the Vindhyan scarp, which lies at a 
slightly lower level ; and it stretches thence e{istwards to the Sindh river, 
forming a stet^p scarp to the south overlooking the gneissic area of lower 
Ihindelkliand. There are two other ranges parallel to the Par scar]) on 
the north, but they are much broken by cross-drainage, llic two longi- 
tudinal valleys between the three ridges are due to tlie greater 
de(*()m])Osition and erosion along the two outero])S of bedded traj>. It is 
only at the west end, near the Vindhyan plateau, that these tra])peaii 
bands arc well e\])Osed. 

With one exc(*])tion at the west end, where the Panidr stream breaks 
through to the south, the Par scarp forms a. watershed. The general east- 
erly direction oL‘ the scarp is very steady up to the Sindh river, but the 
line is much serrated by bays and headlands, in which the nature of the 
juiKjtion with the gneiss is well exhibited. At the most advanced points 
of the range the gneiss reaches to within a few feet of the summit, with 
only a thin capping of the sandstone, but as wo follow the junction 
northwards into the valleys it gradually falls to the lowest level. A fur- 
ther study of the section shows that this slope of the junction is abori- 
ginal, and not due to a tilt of the ground since the formation of the 
Gwalior deposits. Close to the edge of the scar]) near Par an outlier of 
the Morar shale series has been largely worked for iron, and here the 
Par sandstone is only about 20 feet thick. Nothing like unconformity 
has been detected between the Morar and the Par beds, so that this must 
be taken as the original tliickiiesr of the lower band in this position. 
On the north side of the range, however, wherever sections are exposed, 
as about Badhiino (10 miles south-east of Morar) the thickness is 
greatly increased. A\ e may take 200 feet as a minimum, the whole not 
being seen. In this position, to the east, shales are found intercalated with 
the sandstone, showing the close connexion of the two groups. Tliese 
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facts would tend to prove that to some extent the position of the Pfir scarp 
was a limit of deposition in the Gwalior period. The very bottom layer 
is often conglomeratic. 

On the top of the Pdr sandstone there occurs locally a compact calca- 
reo-silicious bed that is worth noticing, because the peculiar coralloid forms 
it exposes by weathering were thought by Dr. Stoliezka to be of organic 
origin. This rock is best seen just south of B&ra, 25 miles east-by-south 
of Morir* 

The lower zone of bedded trap is about 400 feet from the base of the 
Morar group. There are two or more flows, with intervening shales. 
They are well seen near the villages of Bela, Chaura, Paniar, and Barai, 
on both sides of the Indore road, at from 6 to 10 miles south-west of 
Gwalior. The thickness of these flows is very various; from 70 feet they 
thin out to nothing, but are probably nowhere absent on this horizon, 
obscure outcrops of them having been observed at several places in the 
valley formed along their strike to the cast. At some spots there is an 
appearance of the trap having burst up through the underlying shales : 
thus in ihe s</rcam near the trunk-road north-west of Bela there is a low 
section showing the shales and trap in vertical contact ; but otherwise the 
interstratification is unbroken. 

In connexion with this lower zone of trap there occurs a rock 
that will again come under notice in these formations and also in the 
lower Vindhyans. It is a com])act porccllanic rock, as shai 7 )ly and 
regularly bedded as the associated jaspidcous shales. Occasionally it is 
obscurely i)()rphyritic, having small ind(;terrninatc crystals scattered 
through it. An analysis of a S 2 >ecimen from the Gwalior beds gave the 
following : — 


SiUai 




. 60-50 

AJiimina witlj a little iron . 




. 21-51 

Lime ..... 




. 2va 

Magnesia .... 




. 1-32 

Potash . . • . . 




. 9-16 

Soda 


. 


. 4-61 


This approaches to the composition of orthoclasc felspar. But there is 
no presumption that this porcellanic rock has any connection with eruptive 
phenomena, and its association here with trappean beds of highly basic 
composition, is j)robably quite fortuitous, for in the lower Vindhyans, 
where the i)orcellanic and porphyritoid beds are much more developed, 
there is no eruptive rock whatever. 

The upper zone of trap is on a much larger scale. The whole plain 
of Morar is underlaid by it, at least on the north side ; and if allowance 
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is made for the small dip, the flow can hardly be less than 500 feet thick. 
It is admirably exposed in the under-clifE of the Vindhyan scarp in the fort 
hill and the promontories to the westward. In a small plateau about 3 
miles to north-north-east of the fort it is overlaid horizontally by typical, 
rusty, jaspideous shales of the Gwalior formation. Several detached hills 
in the plain lying east-by-north of Morar are formed entirely of this 
massive trap. 

Limestone occurs principally on two horizons, in and above the lower 
trappean zone, and in the northern hills above the great trap-flow. In 
both positions it is very uncertain and discontinuous. Within a space of 
100 yards a mass of limestone more than 50 feet thick is found to be 
totally replaced by ochreous shales. 

The iron ore which is largely mined in the Gwalior formation is 
quite different from that found in the Bijawars. The latter is a massive 
concretionary hffimatite irregularly concentrated in ferruginous cartliy 
sandstones. The Gwalior ore is a fine wafer-like shale composed of thin 
flakes of haematite, with still thinner films of clay. It is a decom])osed 
condition of the jaspideous shales. The amorphous silica has been dis- 
solved out, leaving the iron ingredient in a very favourable state for mining 
and smelting. The conditions for this change seem only to ha ve obtained 
near the base of the formation. All the mines ai’c in the shales a few 
feet over the Par sandstone. 

To the east and north the Gwalior formation is covered by the gn^at 
alluvial plains; on the west it passes under the upper Vindhyans ; and 
two inliers, exposed by the removal of these covering rocks, arc 
crossed by the trunk-road. The only specific identification of the 
Gwalior beds beyond this standard area has been already noticed in the 
concluding portion of the last chapter. Tlie spot is at the nearest 
point on the opposite side of this northern extension of the Vindhyan 
basin, 70 miles to the north-west of Gwalior : at Hindon there is a 
narrow ridge of banded jasper and ferruginous shales which Mr. Ilacket 
considers to be undoubtedly Gwaliors, the conjecture being much sup- 
ported by the fact that no similar rock, with which they could be 
confounded, occurs in the Arvali series of neighbouring areas. The 
Gwaliors at Hindon are more or less vertical ; and in contact with them, 
but not conformably, are some quartzite-sandstone and red and black 
slaty shales with irregular bands of limestone. By position these beds 
should be of later origin than the Gwaliors, and on this account Mr. 
Ilacket thinks they must be Vindhyan, although specifically they are 
in some respects more like rocks of the Arvali scries. 
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The Eadapah area* — The Kadapah formation of upper transition 
rocks ocoii])ies a large area about the middle of the east side of the 
jx'iiinsula, where the coast-line bends from a northerly to a north-easterly 
direction. This feature has j)robably a remote connexion with the form 
of the Kadapah basin, which is roughly of a crescent shaj)e, convex to 
the west. The north-east horn of the crescent is known as the Palnad, 
and reaches to Juggiapet, a few miles north of the Krishna river; the 
southern termination at Tripeti hill is 30 miles north-west of Madras, 
or only 1 8 if measured to the outlier at Nagari Nose. The town of Kadapah 
(Cuddapah) stands in a south-central position near the Pennair river. 
(jiHi (dooty) is just outside the western border at its centre, and Kaniul 
more to the north, on the Tungabudra, a few miles above the confluence 
with the Krishna. The length of the basin is about 210 miles and its 
width 05, the area being nearly 13,500 square miles. 

The eastern edge of the basin constitutes a well-defined segment of 
that vaguely expressed general feature known as the Eastern Ghfits. 
Locally, the actual face of the highljuids is here known as the Yellaconda 
ridge. It is a flanking member of the Nallamale range, which is 
formed by a belt of contortion of the Kada])ah rocks along this side of 
their basin. Bctwcien the hills and the sea there is a zone of low 
country, formed of inctamorphic rocks and alluvium, about 50 miles wide, 
constituting the plains of the Karnatic, or Payen Gluit (country below the 
( I hats), in the (ximtur, Nellore, and North Arcot districts. The elevation 
of this ground at the l)ase of the hills is under 200 feet, the crest of the 
Yellaconda rising to about 1 ,000, and the summits of the Nallamale 
to 3,500. The centre of the Kadapah basin is occu])ied by the broad 
vallty of the Khundair, the rocks rising again to form a steep range 
(locally 2,000 feet above the sea.) along the western margin of the basin, 
overlooking the gneissic u])land of Maisur (Mysore) and Bcllari, the 
elevation of which near the range varies from 800 to 1,800 feet according 
to the position with reference to drainage. The Matlras llailway enters 
the basin at Guti, and leaves it at the southern ]:)oint of the crescent, while 
the Krishna river adopts a very similar course in the northern limb. 
The watershed of the basin lies far to the north, and the Pennair receives 
most of the drainage. 

More than a third of the area within the boundaries indicated is 
taken up by the overlying Karnul formation (to be described in the 
next chapter), which occupies all the low ground of the Khundair 
valley in the middle of the basin, and another large space in the 
Palnad. In thickness they are very inferior to the Kadapahs. There 
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is, no donl)t, marked uneonformity between the two, but not much more 
than exists between the several divisions of the Kiulapah series, and both 
have underii^one nearly equal disturbance and metamoiidiism, so that it 
is rather awkward to draw one of the main divisions of our azoic series 
between them. It has been already exjJained that these divisions are 
to a g-reat extent arbitrary. A difficulty of this kind is always sure to 
occur in attempting to apply a strict classification over a large area. 

The Kjidapah formation has been divided into the following grouj)s 
in descending order' : — 

! Qnartzn.pR (Srislialnm). 

Slates (Koluninullali). 

Quartzites ( Irlaeonda) . 

« „ , A i. i. f Slates (Cuinbum). 

Nallamale group, 3,400 feet . . . | Quartzites (Byreneonda). 

yv, . L C Slates (Puliiinpet). 

Clicyair group. 10,500 feet . . . • ( Qnartzites (Nngnri). 

^ rnn cl f Slates (Vaimpiilli). 

Paupugni group. 4,500 feet . . . | Q^.,rtzites (GuUduu-u). 

The distribution of these groups rdieves us in some measure of the 
enormous aggregate thickness of 20,000 feet given in this list. Al- 
though in order of time the succession may be taken stri(?tly, it is 
scarcely to be supposed that there wiis over at one sj)ot a continuous 
superposition of these strata to the extent of their aggregate thick- 
ness. The exposed outcrops, at ksast, do not support such a view; even 
within the present rock-basin, wliic^h must be taken as only a part 
of the area of deposition, the groups are local and discontinuous, each 
in turn overlapping the one below it, and resting on the gneiss. In 
each case, however, there is more or less of denudation-unconformity as well 
as overlap; so that the groups arc much more than mere horizons of 
variation in deposition. 

Tlic original characters of deposition and the induced characters of 
disturbance are closely related to the actual boundaries of the field. 
All round the western boundary the junction is natural, c., the dejiosits 
rest as originally deposited upon the gneiss, the strata having under- 
gone comparatively little disturbance. On the east side of the basin, on 
the contrary, there has been much contortion of the strata ; the boundary 
is represented as faulted and the beds often inverted, generally presenting 
the appearance of a band of quartzite dipping steeply towards the gneiss. 
The lower grouj)S are found to the south-west, and are gradually over- 
lapped to the north and cast. 

1 There U a map and dcacripUou of the Kadnpiili formation hy Mr. King in the Memoirs, 
Q. S. I., Vol. Vlll, Part 1. 
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Paupugni group. — In each of the groups of the Kadapah series, 
sandstones or quartzites prevail at the base, and earthy deposits forming 
shales or slates above, limestones often occurring with the latter. The 
Paupugni group is only found between the Tungabudra and the Cheyair, 
being overlapi)od in both directions by the Cheyair beds. It takes its 
name from the river, in the gorge of which the best sections are seen. 
Its bottom memlier, the Gulcheni quaHzites, rest upon an uneven surface 
of the gneiss, and rise up to the west to form steep cliffs over an under- 
clifF of the cryshxlline rock, as over Gulclieru (15 miles south -south -west 
of Kadapah). Although the contact is quite sharp, the two rocks are 
f)f<en connected together into an adhering mass. A considerable thick- 
ness at the base is coarsely conglomeratic, the pebbles consisting of the 
brecciated veinstones and banded jasper-rocks which form prominent out- 
crops in the adjoining metamorphic area. These bottom beds are de- 
scril)ed as shore-deposits. 

In the overlying Vaimpulli sub-division of the Paupugni group, 
limestone is largely associated with the shales, and intrusive sheets 
of trap are also of frequent occurrence. In contact with or near the trap, 
the limestone often contains bands of serpentine and steatite, as may be 
seen close to Karnul, where the Vaimpulli band has overlapped the 
bottom sandstones, and rests directly on the gneiss. Vaimpulli is a 
village 30 miles west-south-west of Kadapah, 

Cheyair group— The Cheyair group is well exposed on the Cheyair 
river. It is divided into two areas by the Karnul formation stretching 
southwards, w^st of Kadapah, into contact with the Paupugni rocks. The 
constitution and relation of the Cheyair group in the two positions ai’o 
somewhat different. In the north-west area, traversed by the Pennair, the 
bottom band of sandstones and conglomerates is comparatively unimpor- 
tant. It is there described as the Pulavaindla sub-division, from a 
town 40 miles west-by-south of Kadapah. North of the Krishna it 
overlaps the Vaimpiillis, and in the Pennair ground it rests upon their 
denuded surface, the conglomerates and breccias being largely made up 
of the characteristic chert-bands of the Vaimpulli limestone. Here, 
too, intrusive sheets of trap occur in the Pulavaindla band. The corre- 
sponding beds in the southern area are described as the Nagari quartzites, 
from the well-known hill near Madras. Tliey form for the most part in 
this region the bottom-rock of the Kadapahs, resting on the gneiss. 
Tlu? conglomerates here are made up of pebbles of quartz and quartzites 
(which arc themselves sometimes conglomeratic), and occasionally of red- 
banded jasper, being thus more like the Gulcheru beds of the Pennair 
area. 
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The upper band of the Clieyair group is described in the Pennair 
area as the Todapurti beds, named from a principal village of the district. 
They comprise a great scries of slaty shales with limestones and erup- 
tive rocks, both intrusive and cotemporaneous, ferruginous cliert and 
jasper beds. The shales predominate ; although not grejitly disturbed, 
they are to some extent affected by cleavage, and are hence qualified as 
slaty. Limestone occurs in two principal bands. It is a finely crystal- 
line grey rock, with much segregated chert, which often assumes very 
fantastic shapes, esp(‘cially in the upper ])art of tht^ l^eds and near trap- 
flows. Of these eruptive rocks there are many strong outcroy>s, in two 
j>rincii)al bands, a main one near the base of the grouj), and another two- 
thirds up. The only rocks that can be certainly classed as eruptive are 
coarse-grained, dark, basic diorites, sometimes compact and of grey 
or pale-green colours. They are sliown to be cotem])orancous by their 
outcrop Ixnng continuous for long distances between widl-marked bands 
of a([ueous deposits. Put frequently the intervening deposits cease, and 
the flows coalesce ; locally, moreover, they are distinctly confluent with 
intrusive dykes, as is well seen in the small bay below the soutluTii flanks 
of the Opalpad plateau, 20 miles east of Giiti. Perha])s the strongest 
argument for the contemporaneity of the bedded tra])s on this horizon is 
the fact that no intrusive igneous rock is known to occur higher in the 
formjvtion, or in the Kamuls, and this could hardly be the case if the 
massive bands in the Todapurti zone were intruded after the completion 
of the s(idimentary series. 

It is in this group, and in the zone with the trap, that representatives 
occur of the porcellanic beds dcscrilxjd in the Gwalior formation. Tlaur 
presence, as distinctly bedded rocks of quasi-igneous character, and the 
occurrence of the undoubtedly igneous rocks in a stratified condition, have 
certainly influenced the argument in favour of the eruptive (volcanic! origin 
of both. The flaky granulated varieties are taken to bo ash-beds, and 
the compact form is spoken of as felsite. There are, however, great 
difficulties opposed to the adoj)tion of this view. 'Lhese highly silicious 
beds would be of the very opposite type of volcanic products from the 
real igneous rocks with which they would thus be connected. Silicious 
lavas are the least prone to assume a finely stratified condition, whereas 
these beds arc quite remarkable for their continuity in thin, sharply de- 
fined beds; so that it is very difficult to conceive that they were origin- 
ally fused rock. It would not be easy to imagine that explosive ejections, 
alternating with eruptions of basic rock, could be so exclusively of the 
felspathic type ; and it appears probable that any connexion of these por- 
cellanic beds with igneous rocks can only be through the remote and 
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collatoral effects of eruptive action, such as mineral waters. It has 
been alrt‘ady stated that similar poreellanic beds occur extensively and 
iy])i(*ally in the lower Vindliyan formation, in which no eruptive rock 
is found. 

In the Cheyair area, the Palumpet slates and limestones represent the 
Todapurti beds of the Pennair. The traj)S and poreellanic beds are 
absent. The limestones arc again silieious, and sometimes they are bree- 
ciated in a very unaccountal)lc manner, witliout any disturbance of the 
strata. Some beds present a rugged humpy surface, suggestive of a coral- 
line formation, but no organic structure has been detected. 

Nallamale group. — The Nallamale occupies a larger area than the 
otlun* grou])s, princii)ally on the east side of the basin, and takes its 
name from the mountain range. The Byrenconda summit, 3,500 feet 
above the sea, gives its nam(i to the bottom band of quartzites. In 
tlie Pollconda range, cast of Kadaj)ah, these quartzites rest with 
slight uiiconfonnity uj)on the Cheyair groiq). In the Pemnair area, 
the strong (juartzites of the Gundicotta hills overlying tlic Todapurti 
shales are on the same horizon. Here the beds have a g(*iitle north- 
eastc^rly slope and pass under the Karnul fonnation, but when they 
rise again to the oast, in the Nallamale, contortion is the rule, often to 
so extreme a. degree as to produeo folded flexures and inversion. In the 
synclinal troughs of these contortions the upper member of the group 
is f<)mid, called the Cumbum slates, the underlying quartzites rising 
up to form the ridges. 

^i'he Cumbum slates arc by far the thickest member of the group, and 
cover th(* greater part of the area. They are not very uniform in comj)osi- 
tion. There are several subordinate bands of quartzite, which it is not easy 
in broken ground to distinguish from the underlying Byrenconda rock, and 
the slat('s themselves present many varieties, — from fine, silvery, talcose 
beds, to coarse, earthy (day-slates of many shades of colour. Occasionally 
they are foliated and schistose, and not easily distinguished from the 
schistose beds of the adjoining gneissic area, when the two happen to 
come in contact ; but, as a rule, quartzites are found at the junction. 
Strong bands of limestone are frequent in the Cumbum slates. The old 
lead mines near Nundialumi)et, 16 miles north of Kadapah, occur in a 
dark silieious variety of this rock. Generally, it is compact or finely 
crystalline, micaceous or talcose, of a slate-grey colour with purple tinges. 

At the north end of the Nallamale, just south of the Karnul 
and Guntur road, there is a great dome-shaped mountain known as 
Eshwaracupum. It is composed of lower Kadapah rocks dij)ping 
away from the hill on all sides, and surrounded by Nallamale beds. A 
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great thickness of strata is exposed^ but it is not easy to identify 
them specifically with the groups already described. 

Krishna group. — ^The fac^t mentioned, that strong bands of quartzite 
occur subordinate to the Curabum slates, introduces much difliculty 
into the attempt to distinguish a higher grouj). Thus several ridges 
within the area of the Nallamale group are thought to belong to an 
upper independent group. The rock forming the Yellaconda range at 
the edge of the basin affords an instance. The range is formed to the 
south of strong, fine, white quartzite, and the Cumbum slates dip under 
this, whereas on the north the same slates rest upon the quartzites 
of the ridge which are supposed to be Jlyrcncondas, the ridge itself 
being continuous througliout. Two solutions have been offered of this 
puzzle : — that in the southern part of the range the quartzites are in* 
verted, being really the same band throughout ; or, that an oblique fault, 
south-south-east of (xidalur, has brought in an upper quartzite to the 
south. The fact of the ouk^rops of such widely different horizons 
being so continuous, is a great difficulty to Uiis supposition. The question 
is just mentioned here to indicate the complexities introduced by dis- 
turbance in this part of the Kadapah basin. 

There seems, however, good reason to suppose that the plateau 
through which the Krishna has cut its gorge, and which is known as tlie 
Krishna Nallamale, is formed of beds higher than the Nallamale group and 
unconformable to it. These beds are therefore distinguished as the Krishna 
group. They comprise three well-marked divisions : The Irlaconda 
quartzities, forming the plaieau of that name on tlie west, where they are 
1,200 feet thick; the Shrishallum quartzites, forming a higher plateau to 
the north and east, called after a well-known shrine on the Knshna ; 
and the intermediate shales, which are called Kolumnullah, after a stream 
that traverses them. To the north the group sj)reads out over a flat 
surface of gneiss, and to the cast it passes under the Karnul beds of 
the Palnad, in which region, again, the rocks on the east are intensely 
disturbed. 


The Kaladgi area. — In the South Mahratta country, on the 
southern border of the great area occupied by the Deccan trap, and in 
great part separating the trap-region from the gncissic area of Maisur, 
there are two basins of somewhat similar formations. This peculiar 
position is in a manner accidental, for it is certain that the trap once 
overspread the whole of these basins : along the crest of the Sahyadri 
it still stretches continuously for some distance to the south of them, 
and elsewhere outliers of trap are found beyond them resting on the 

ifi 
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/^Dciss. The strata of both basins rest with total unconformity on the 
ciystallines and are quite unaffected by metamorphism. Notwithstand- 
ing* these similarities of condition^ the rocks of the two areas are of 
diffei’ont agres, and are considered to be resjiectively representatives of 
tlie Kadapah and Karnul formations, already noticed as occupying a 
common basin on the east side of the peninsula. In the South Mahratta 
country the two basins are only 8 miles apart at the Krishna, where the 
gneiss passes between them and then expands so as to be in contact with 
the trap for a length of 30 miles. Each basin is mom than 100 miles 
in length, yet no remnant of either formation is found within the limits 
of the other, so that their separation rests upon collateral petrological 
evidence, both being totally unfossil iferoiis. The difference of age be- 
tween the rocks of the two areas being presumed on the grounds of 
j)ersistent lithological contrast and the analogy with other deposits else- 
where distinguished by superi)osition, tliis isolation in space is strongly 
suggestive of the supposition that the basins are approximately original, 
and not remnants of deposits formerly of wide extent, I'he eastern 
area is called the Bhima basin, from the large river crossing it centrally; 
the w’esteni is called after the town of Kaladgi on the (jiatparba river, 
and geologically in the centre of the basin, although superficially near its 
eastern end. The rocks of the Bhima basin are affiliated to those of 
Karnul, and therefore belong to the lower Vindhyan horizon ; while the 
Kaladgi deposits are ranked with the Kadapah rocks, and so come 
amongst the u])per transition formations of our present provisional 
grou])ing.^ 

From the Krishna below its confluence within the Gatparba, the 
Kaladgi rocks stret(*h continuously westward for more than 100 miles 
and then disappear under the trap forming the crest of the Sahyadri, 
In this direction several inlici’s are exposed by the local removal 
of the basaltic covering ; the largest, that at the foot of the Phonda 
Ghfi.t, in the Konkan, is probably continuous with the main basin. 
On the north there is a large inlier at Jamkhandi. In all of these 
inlicrs, however, only the lower beds occur, so it is probable that the 
formation does not extend far beneath the trap. On the south 
borders of the basin there are numerous outliers of the bottom quartzites 
ri'sting on the gneiss, both on the uplands of the Deccan and in 
the Konkan. The Vingorla rocks and other small islands off the 
coast all consist of the very hard rocks belonging to the quartzite 
scries. The former continuity of all these patches of rock cannot by 

^ There is nn excellent account of the Bhima and Kaladgi rocks in kfr. K. B. Foote’s 
Memoir on the South Mdhrattu country : Memoirs, Q. S. I., Vol. XI 1, 1876# 
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any means be asserted^ for it is evident that the deposits took place 
upon a very uneven surface of the crystallines, of which there are 
extensive inlicrs within the main basin, as at Gokak. 

The total thickness of the Kaladgi rocks is very considerable. They 
are divisible as follows : — 


Upper KaladgL 

Thickness. 

G. Shales, limestones, and bssmatite-schists . . 2,000 

5. Quartzites, local conglomerates, and breccias . 1,200—1,800 


Lower Kaladgi. 

4. Limestones, clays, and shales . . . 5,000 —6,000 

3. Sandstones and shales . . , ^ 

2. Silieious limestones, liornstones, or cherty breccias . j3,000 — 5,000 
1. Quartzites, conglomerates, and sandstones . * ^ 

The bottom conglomeratic rocks are made up of the adjoining crystal- 
lines, and vary with the c()mj)ositioii of the latter, 'lliey generally slope 
up towards the boundary of the area and form a scfarj) over a basement 
of gneiss. The cherty breccias form the most i)0culiar and conspi- 
cuous member of tin’s part of the series. Mr. Foote suggests, with much 
j)robability, that they arc formed by the decomposition and crushing 
of the highly silieious limestones that occur on the same horizon. A 
large pro])ortion of the total area., forming a continuous margin to 
the basin, very wide on the south, and including all the outliers, is formed 
of the lower members (Nos. 1, 2-, 3) of the series, and in this posi- 
tion the rocks are very little disturl)cd, and scarcely at all altered. 

The limestones and shales forming the 4th division of the Kaladgi 
series are only found in a special basin of depression and contortion 
on the north -cast side of the area. They generally occupy low ground 
and are much concealed, but may be fairly seen about the town of 
Kaladgi, exhibiting much disturbance. Several varieties of the rock are 
very homogeneous in texture and variously tinted, making pretty marble. 

The only remnants of the upper Kaladgi group are found in 
axes of synclinal flexures within this special basin, their preservation 
being evidently due to their being thus let in and encased I)y the fold- 
ing of the whole series. Thus the maximum of disturljancc and of 
metamorphisin is exhibited in these remains of the topmost beds of the 
formation. The principal of these elliptical synclinal areas of the upper 
groups are those of Anathilli, Shimakeri, Lokapur, and Yenktapur, 
all within a short distance of Kaladgi. The direction of the axes of dis- 
turbance is very steady to between west by north and west-north-west. 
This is also the direction of the major axis of the basin itself, in which 
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all the special contortion seems to have been concentrated on the north 
side, along* what is now the lower valley of the Gatparba. 

Only fonr cases of intrusive rock have been observed in the Kaladgi 
area, and all in the region of disturbance, in the highest beds ; three 
in the Lokapur basin, and one in the Arakeri synclinal valley. They 
are of compact, green dioritc, unlike the older diorites of the gneissic 
urea. 
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VINDHYAN SEEIES. 

General Remarks — Lower Vindhyans, Kamul area — Paindd area — Bliima area — Goda- 
vari and Mahanadi areas — Son area — Bundclkhand area. Upper Vindbyans — The Son- 
Mabanudi boundary — Boundary in Bundelkband — Boundary on the Ganges — Arvali 
boundary — Petrology — Relation to lower Vindbyans — Disturbance of the upper Vin- 
dhyans — Diamonds — Outliers, 

General Remarks. — ^Vindhyan is one of the oldest names intro- 
duced by the Geological Survey. It was originally used to designate 
the great sandstone formation of Bundelkhand and Malwa, and it was 
adopted from the name currently applied by Anglo-Indian geographers 
to the scarped range composed of this formation along the north side of 
the Narbada valley. The vernacular signification of the term Vindhya 
is vague, the name being applied generally to the various ranges of 
hills which divide Hindustan proper, or the Indo-Gangctic plains, from 
the Deccan, and being quite as often employed for the hills south of the 
Narbada river, now commonly known to geographers as the Satpura, as for 
the northern range, to which, for the sake of avoiding ambiguity, the 
name Vindhya is now generally restricted. The Vindhyan formation was 
thus at first employed as a collective term for the beds in the great rock- 
basin, stretching in an east and west direction from Sasseram to Nimach 
(Neemuch), a distance of 600 miles, and from north to south for 300 
miles, from Agra to Hoshangahad. 

Throughout the greater part of their border, the Vindhyan sandstones 
are unconformably related to transition or gneissic rocks; but in the 
eastern branch of the area, in Bundelkhand and the Son valley, they 
rest with little or no unconformity upon thick deposits of very 
different character. These lower beds were at first noticed under local 
names in the several areas, but the convenience and fitness of having a 
common name foy de[)osits so nearly related was soon felt, and the term 
lower Vindhyan has been used in this sense. 

Lower Vindhyans, Kamul area. — Of the original Vindbyans, 
now specially distinguishable as upper Vindbyans, no certain equi- 
valents have been recognised south of the Son-Narbada valley, but 
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of tlie lower Vindhyans many local representatives are known. Of 
these the one most closely related to older rocks is the Karnul formation, 
which lies almost altogether within the basin of the Kadapah upper 
transition scries (see pa^e GO), where it is found in two separate areas; 
the larg’cr one occupies the whole of the Khundair valley and stretches 
to beyond the Krishna; the other lies in the district known as the 
Palnad. The formation here might, without difficulty, be regarded 
as a member of the Kadapah series : its total thickness is only 1,200 
feet, which is less than the smallest group of the Kadapahs; its uncon- 
formity to the groups below it is but little greater than these exhibit 
among themselves ; and on the east side of the basin it has undergone 
the full effects of the disturbing forces which have acted upon the 
underlying rocks. 

The Kamul formation has been divided into the following groups * 


Khundair group 
Paiieura group 

Jamalmadgu group 
Banaganpili group 


I Shales (Nandi^l). 

‘ 1 Limestones (Koilkuntla). 

( Pinnacled quaitzites. 

* (. Plateau quartzites. 

f Slial ‘s (Auk). 

* (. Limestones (Narji), 

* Sandstones. 

It is principally a limestone formation, with subordinate bands of 
sandstone and shale. The IJanaganjuli sandstone, so called after the town 
j of that name, is usually only from 10 to 20 feet thick, and is some- 
times altogether overlapj)ed. There are local signs of its partial denuda- 
tion below the succeeding limestone, but, on the other hand, some bands 
of sandstone or quartzite intercalated at the base of tliis limestone sug- 
gest a continuance of the conditions and a close connection of the rocks. 

The interest of the Banaganpili sandstone is, that it is the principal, 
if not the only, rock of this region in which the diamond is known to be 
found. Diggings are carried on in many parts of the country on or 
near the Karnul formation, hut mostly in the superficial gravels. At 
Banaganpili, however, there have been extensive workings in this bottom 
sandstone. Shallow pits, not more than 15 feet deep, are sunk in the 
sandstone, and short galleries driven in the diamond-layer, which must be 
at the very base of the group or close to the bottom bed. Superficially, 
the sandstone is hard and compact, and has quite the character of a 
(juartzite ; but even at the small depth sunk to, the beds are soft and 
easily worked. • 

The Banaganpili group consists of sandstones, generally coarse, often 
earthy, occasionally felspathic or ferruginous, and usually of dark shad *s 


’ Memoirs, G. S. I., Vol. VIII, p. 30. 
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of red, grey, and brown colours. Pebble-bods arc frequent, the pebbles 
being small and very numerous, composed of quartzite and various 
coloured cherts, jaspers, and hardened shales, evidently deriv^ed from the 
cherty shales with hands of trappean rook of the Clieyair group of the 
Kadapali scries on which the Banaganpili beds rest. 1’he diamonds occur 
in some of the more clayey and pebbly layers. Mr. King records the 
opinion that they are innate in this rock ; but the ginement certainly sug- 
gests that even in this position they arc of detrital origin. It is rather 
mysterious why the rock-workings should be so crowded as they are over 
certain spots, whilst large adjoining areas of aj)])areiitly the very same 
deposits are left quite untouched. If this irregular distribution of the 
mines be only due to a delusion of the diamond- seekers, there is still a 
very large field awaiting exploration. 

The Jamalmadgu group takes its name from a large village on the 
west side of the Khundair valley. It is composed at top of bufP, white, 
and purplish, non-calcareous shales, well seen near the village of Auk 
(Owk). They have a maximum thickness of 50 foot, and pass down 
gradually into a finely crystalline or compact limestone, generally 
blue-grey, sometimes nearly black, and occasionally of pale buff and 
fawn colours. A very inferior lithographic stone used to l)e obtained 
from these beds, but the rock is now much used for building, largo 
([uarries having been opened near the railway at the village of Narji, by 
which name the stone is known. West of Banaganpili, the Narji lime- 
stone is about 400 feet thick, but thins out both to the south and north. 
In the Raichur Doab, about Karnul, it rests on the inetamoi-phic rocks, 
where it becomes cherty and brecciated in a peculiar manner, and is there 
described as a shore-deposit. 

Between the open Khundair valley and the western ranges, or Yerra- 
male, there are in the Karnul district some low, flat hills, such as the 
plateaus of Upalpad and Undutla. These low plateaus arc composed of 
a middle sandstone or quartzite band found locally intercalated in the 
Karnul limestones and known as the Paneum group, after the town of 
that name. The greatest thickness of the quartzites is only 100 feet, 
and the group disappears altogether to the north and south \ nor has any 
sign of it been observed on the eastern edge of the basin. An upper 
portion formed of firm white sandstone has been distinguished as the 
' pinnacled quartzite,^ from its mode of weathering ; the lower beds, or 
^ plateau quartzites,^ are coarser, more earthy and ferruginous, of various 
rusty tints. 

In a basin of slightly disturbed strata the uppermost group must cover 
the largest area, and so the Khundair beds occupy the whole valley of 
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the Khund. There is a thickness of 500 to 600 feet; the upper 
two-thirds, of purple calcareous shales and earthy limestones, being distin- 
guished as the Nandial shales, after a large village of that name : 
they pass insensibly down into purer, compact, and crypto-crystalline, 
flaggy limestones known as the Koilkuntla band, from a town ten miles 
south-east of Banaganpili. The town of Kadapah (Cuddapah) and all 
the large villages in the centre of the valley are on the Nandial shales. 
In this position the rock is soft and crumbling, but to the south and 
east, on the margin of the mountain region, these uppermost beds of the 
whole sedimentary basin are quite slaty, being cleaved and contorted 
proportionally with the underlying formations. In this group also the 
character of the limestones changes to the north-west, in the proximity of 
the metamorphics, where the Koilkuntla beds are described as shore- 
deposits that never extended much beyond their present boundaiy. 

The Palnad area. — The Palnad limestone appears to represent the 
Kamiil formation ; and even the sub-divisions have been in a manner 
specifically recognised in the south-west part of the ground. The lime- 
stone is everywhere underlaid by a diamond-bearing sandstone, which has 
thus been supposed to represent the Banaganpili rock. In the Palndd 
country, however, there is great difficulty in distinguishing this rock 
from a closely associated sandstone clearly belonging to the Kadapahs, 
but of the Krishna group, at the very top of the Kadapah series and 
several thousand feet higher strati graphically than are the beds of the 
Gheyair group underlying the diamond-sandstone of Banaganpili. Such 
at least is the position made out for the bottom sandstone on the south- 
west of the Palniid towards the expanding rock-basin ; on this side, too, 
some slight unconformity has been pointed out between the Pained lime- 
stone and successive masses of the sandstone, and it has been remarked 
that the diamond workings here are confined to the rock close under the 
limestone, so as to suggest the limitation of diamonds to the horizon of 
the Banaganpili group. All round the north-east comer of the basin, 
however, this sandstone, there known ns the Jagiapet quartzite, rests 
directly upon the gneiss. 

The leading structural character of the Kadapah basin is maintained 
in the Palnad : on the west side the strata are comparatively un- 
disturbed, while on the east border they are cleaved, foliated and contorted, 
and this involves for the Kamul formation a puzzle analogous to that 
already noticed for the Kadapah rocks (j). 65) . According to one interpre- 
tation, there would be in the eastern ranges a natural ascending sequence 
of shales, limestones, and quartzites above what have been described as 
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the Palnad limestones, and so these upper rocks would be newer members 
of the Kamul formation; according to another view, this sequence is 
deceptive, being due to total inversion of the strata, the top quartzite 
being really a Kadapah rock. 

The relation here exhibited shows how arhitraiy is the seemingly broad 
distinction between the upper transition and the Vindhyan series. 

The Bhima basin.— On the north-western border of the Kadapah 
basin, the Karnul deposits are described as overlapping the formations 
upon which they, for tlic most part, rest, and as lying upon the gneiss 
for a short distance up the Krishna valley. Seventy-five miles farther 
in this north-westerly direction another area is found of rocks having a 
strong likeness io the Karnul deposits, arid resting iliroughoiit their 
entire south-east border, for a distance of more than a hundred miles, 
immediately upon the gneiss, while along their entire north-western 
border they are covered by the Deccan trap. The width of the basin 
thus exposeil is exceedingly variable, both boundaries being very irregu- 
lar in outline. It is greatest, about twenty-five miles, where the Bhima 
river crosses the outcrop nearly at its middle. Prom this circumstance 
the name of the river has been taken for the local designation of the 
rock -basin. * 

The Bhima series is mainly a limestone formation, with a total 
thickness of about 1,000 feet. The following beds have been distin- 
guished in it : — 

Uppkr. Feet. 

(ff.) Red calofireoiis hIhiIcs of Miiduwiil 30 

(J.) Flaggy liroestone beds of Jewargi ...... 

(e.) RiiiT shales of Gogi .18 

({/.) Quartzite (sandstone) of Hottapati 200 

(<r2.) Blue thick-bedded splintery limestone, brecciated in part . 200 

(cK) Thin-bedded limestone, with chert, of Gogi, &c. . . . 200 

(c.) Blue and grey splintery limestone, occasionally brecciated, of 

Shuhubad and Tulikot .... ... 200 

Lower. 

(i.) Purple, red, drab, and dark-green shales of Nalwar, with calca- 
reous flags at top 100 

(a.) Quartzites (sundstoucs) and conglomenatcs .... GO 

gneiss. 

It is principally in the south-western part of the area that the bottom 
sandy beds are developed to any extent. The pebbles of the conglomeratic 
bands are derived from the adjacent metamorphics, upon a very uneven 
surface of which the Bhima deposits were laid down, as is shown by 


‘ Mr. Foote: Memoirs, G. S. 1., Vol. XII, 
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Ihe very winding* outline of the boundarj^, and by the occurrence of 
gneissic inlicrs, some of which are found near the trap of the north- 
western edge of the area. There is thus no presumption that the 
sedimentary basin extends far beneath the eruptive rock. 

At Baehimali, the extreme easterly point of the southern expansion of 
the Bhima basin, there is a basement pebble-bed much resembling the 
diamond-layers of the lower Khrisna valley ; it is much broken up by 
small pits, as if at one time it had been seai'ched for diamonds ; but there 
seems to be no local tradition of any having been found. 

The Hoilapati sandstone also is quite a local intercalation, so that 
in some sections the formation is almost exclusively made np of lime- 
stone. This is for the most part a very fine-grained rock, with a texture 
aj)proa.ching that of lithographic stone. The colours are very various ; 
gi*ey prevails, but drab and pink tini;S are common. The rock generally 
occurs in flaggy beds, and is much nsed for building ; the pale ereani- 
eolonred variety being preferred by the natives, although the grey stone 
is the more durable. 

The formation has undergone very little disturbance, and the inclina- 
tion of the strata very rarely exceeds from 2° to 5®. At a. few plac’ies 
near the boundary, some crushing and faulting has taken place, as at 
Gogi, whore the lowest beds seen near the gneiss, along an cast and west 
line, are vertical. 

There are some patches of a singular limestone-breccia resting on 
the gneiss within the confines of the Bhima basin, as west and north 
of the village of Yeddihalli in the Agani valley. The brecciation has 
clearly been caused iu sifUy and Mr. Footti (/. t*., p. 162) conjectures that 
these patches may be remnants of a former spread of the Kaladgi rocks. 

With the exception of a doubtful fragment of silicified wood (or 
bone) found by Mr. Foote in the basement conglomerate close to the 
village of Kusukunuhal, just within the Agani valley, no traces of 
organic remains were obtained from any of the Bhima rocks. Mr. Foote 
speaks of the limestones as a pelagic formation, and remarks that there 
is a good deal to suggest that they were once continuous with the like 
rocks of the Karnul area, and that they have been separated only by 
denudation, 

Mahanadi and Godavari areas. — Between the Kamul and Bhima 
basins on the south, and the main Vindhyan basin on the north, of 
which somewhat detailed descriptions have been published, there are 
numerous areas, some of them very extensive, in the Mahanadi and 
Godavari river-basins, occupied by rocks belonging either to the lower 
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Vindhyan or to the upper transition series. These rocks consist of 
limestones and shales, mostly in low ground, and of quartzite-sandstones, 
commonly forming ridges and plateAus. They have only received cursoiy 
notice in connexion with the adjoining formations, or during rapid 
preliminary surveys of large areas. Mr. Blanford first noticed them 
in the country on the Pemganga south-west of Chanda and conjectured 
their Vindhyan affinities ; he considered the sandstone to be the lower 
member of the series. Coming from the south, Mr. King recognised 
the quartzites of the Pakhal country north of Kamamct as Kadapahs 
(they are coloured so on the map accomj)anying this Manual) , and cer- 
tainly one would primd facie conjecture them to corresj)ond with the bot- 
tom sandstones of the Palnad on the Krishna. An observer from the 
north, familiar with the lower Vindhyans of the Son valley, considered 
the limestones and shales of the plains of Chhattisgarh to represent that 
formation. This opinion is now quite general as regards the purjdc 
shales and limestones of these several areas, but there is still consider- 
able doubt as to the position of the sandstone or quartzite. 

That this doubt should exist implies that the limestones and shales 
are obscurely connected with the sandstones, or scarcely at all associated, 
l^he concomitant opinion that the sandstones are Kadapahs implies 
that they are apparently the older of the two groups ; they are in fact 
in almost every known section of sux)erposition found to rest upon gneiss, 
as is nowhere recorded of the limestone and shale group. It has, indeed, 
been considered by some * that the sandstone is the youngest member 
of the series, apparently for the reason that in contiguous position 
it occupies the higher ground; this view being reconciled with the 
fact of the sandstone resting on gneiss, by the supposition of overlap. 
Elsewhere, however, as along the east border of the Mahanadi basin, 
the relation has been described as of the sandstone rising from beneath 
the limestone over an elevated area of gneiss, whether as an original 
shore-deposit or by subsequent elevation. 

It would of course remove the difficulty to suppose that there are two 
sandstones, but this must not be done without some positive evidence, 
and Mr. Ball has recently brought some forward from his exploration of 
the unknown country between the Mahanadi and Godavari.^ On the 
upland to the west of the main range of crystalline rocks, the summits 
of which rise to above 4,000 feet, there is the Nowagarh-Karial plateau, 
having an area exceeding 750 square miles, and an elevation of over 
8,000 feet, formed of Vindhyan sandstone. Although a plateau, on an 

* Mr. Hughes : Wardha Valley Coal-Field, Memoirs, G. S. 1., Vol. XllI, p. 11. 

2 Records, G. S, I., Vol. X. 
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upland^ it is stratigraphically a basin, the scarp being formed mostly of 
the top beds resting upon an undercliff of gneiss. In the deeply cut 
stream-courses, one of which passes right through the plateau, from west 
to east, a thickness of about 1,500 feet of the sandstone is seen unmis- 
takably resting upon red shales, which greatly resemble those associated 
with the limestone of the Chhattisgarh and the Pemganga areas- 
Mr. Ball considers that their identity is probable, and that if so, the 
Nowagarh sandstone may possibly represent the upper Vindhyans of the 
great northern basin, for which hitherto no representative has been found 
south of the Son. These suggestions, however, need confirmation : to 
show that the Nowagarh sandstone is not the same as that described to 
rise eastwards from beneath the shales and limestones of Chhattisgarh. 
It would be passing strange, if this great limestone basin of the upper 
Mahknadi valley had ever been overlaid by a strong sandstone like that 
of Nowagarh, that no remnant of this should be left except round the 
border. The reverse process of denudation is conspicuously the case in 
the northern Vindhyau basin. It should also be noticed that limestone 
was not observed with the shales of the Nowagarh basin, whereas it is 
the most conspicuous rock of the main areas. 

The limestones and shales of Chhattisgarh are known to have a great 
extension, stretching from near Sambalpur for nearly 200 miles west- 
ward to the foot of the Mandla plateau. They arc believed to occupy 
the whole of the upper Maliaaadi valley, and to stretch across into con- 
nection with the like rocks occupying a large area of Bastar, in the upper 
valley of the Indrawati. The rock-basin would thus have an extent from 
north to south of about 250 miles, and cover a larger area than the Kada- 
pah basin. 

In comparison with this, the ground covered by these rocks in the 
valley of the Pemganga is insignificant, but there is here the rare 
occurrence of lower Vindhyan in contact with Gondwana rocks. Along 
their entire eastern border the limestones and shales of the Pern are 
overlaid by different groups of the coal-bearing series, or faulted against 
them. The Pern Vindhyans are covered on the west by the Deccan trap, 
as are the corresponding deposits on the Bhima. 

It was mentioned that the lower Vindhyans of the Kamul and 
Bhima basins may have been originally continuous, denudation being 
apparently sufficient to account for their separation. A similar con- 
jecture cannot be so plausibly extended to the limestones and shales of 
the several basins in the Mahanadi-Godavari area : if the sandstones rest- 
ing on the gneiss around the borders of those basins belong to an upper 
group of the series, their overlapping the lower beds would, of course, 
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debar the supposition. Pending the settlement of this question^ we may 
notice that the disturbance known to have affected these rocks would be 
enough to account for portions of a once continuous deposit being now 
completely isolated : the folding and inversion of the Kamul beds along 
the west flank of the Nallamale (Nullahmullay) in the Kundair valley 
and the Pained lias been already described ; the strata on the east side 
of the Noagarh plateau were observed by Mr. Ball to be similarly faulted 
and folded ; and a like condition obtains along the north-east border of 
the Chhattisgarh basin, from Sambalpur to the north-west. 

The diamond-washings of the Mahanadi a little above Sambalpur arc 
exclusively from alluvial diggings ; but the fact that they occur just 
outside and below the great lower Vindhyan basin has suggested the 
conjecture that the gems are derived from those rocks, on the ground 
that these are the equivalents of the diamond-bearing bods of Southern 
India. If the conjecture were confirmed, it might be taken as a point 
in evidence of the equivalence of the formations. 

Son area. — There is a much wider and more distinct barrier between 
the great northern Vindhyan basin and the Chhattisgarh, or upper 
Mahanadi area., than between the latter and any of the afliliated rocks 
to the south. The ridge of gneiss which to the west forms the well-raised 
base of the basaltic plateau throughout the districts of Mandla, Seoni, 
Chindwara and Betul, and to the north-east forms the highlands of 
Chutia is interrupted at this point. It is here that the Gond- 

wana deposits stretch across from the Son to the Hasdu and thence 
down the Mahanadi valley. The watershed between the Son and the 
Mahd»nadi drainage is pretty high, and is occupied by Talchir rocks, 
probably of no great thickness : we know, too, that the Vindhyan bound- 
ary on both sides runs free of the Gondwdna rocks, so it is almost 
certain that the gneiss must form a rock-barrier from east to west ; 
though of course it is open to question when this may have been pro- 
duced ; it may well be of post-Gondwjina age. The junction of the 
metaraorphics with the Vindhyan rocks of the southern area is reported 
to be abrupt and troubled ; but on the north, in the Son valley, obser- 
vations rather suggest an original limit of the Vindhyans in about the 
present position ; we find the bottom beds constantly at the boundary, and 
certain coarse deposits on this horizon thicken to the south, presum- 
ably to the rise of the original basin.^ 

The map prepared for this Manual is on so small a scale, that one 
colour has to serve for the whole Vindhyan system ; but it is only in the 
northern basin, where both upper and lower series occur together, tliat 

> A description of the Vindhyan rocks of the great northern basin by Mr, F. R. Mallet 
is published in the Memoirs, G. S. 1., Vol. Vll. 
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this mig-ht mislead, and it is easy to indicate the narrow limits to 
which the lower formation is confined. From Sasseram, at the extreme 
east end of the area, the lower Vindhyans are continuous at the base 
of the Kaimur scarp for 240 miles ; and they disappear at the Son- 
Narbada watershed, where the upper Vindhyans sweep across into 
contacit with the submetamorphic rocks. The greatest width of the 
lower Vindhyans across their outcrop in this their typical area is 16 
miles, and it is exposed just where tlie Son enters its main valley 
from the south. At some points on the lower reaches of the river 
their outcrop is less than two miles wide. Some small inlicrs appear 
through the alluvium in Behar, at a short distance east and north 
of the termination of the Viiidhyan plateau, most, if not all, of them 
of lower Vindhyan rocks, which also crop out from beneath the upper 
Vindhyans in some of tlic valleys on the north side of the plateau 
west of Sasseram. In this direction, however, the lower Vindhyans 
soon disappear ; and at the lowest level, where the Ganges washes the 
base of the idateau, at Chunar, only upper Vindhyans arc exposed. The 
concealment of the lower groups is probably only due U) depression in 
the main axis of the basin, for the very same ro(;ks apj)ear again beneath 
the Kaimur sandstone as it rises towards the gncissic mass of Bundel- 
khand. 

A list of the lower Vindhyans of the Son vall(*y, in approximate 
order of succession, is as follows (in descending order) : — 


11. Lijncstonc. 

10. SllJllc'R. 

9. l/nucsioiu*. 

8. SliJilfs nml sandstone. 
7. Limestone. 

6. Slialy sandstone. 


6. Poreellanic shales. 

4. Tra}>poid beds. 

3. Poreellanic shales. 

2. Limestone. 

1. Conglomeratic and calcareous sand, 
stone. 


Tliese lithological characters by no means indicate well defined or con- 
stant zones in the scries ; they are all very variable, and pass into each 
other both vertically and horizontally, by interstratifieation and admixture 
of ingredients, and by reciprocal expansion and contraction. The sand- 
stone of No. 8 is steady for 100 miles in the west, foraiing the conspicuous 
Kainjua range of hills, and is almost absent to the east, where No. 7 is 
much more prominent. In the reach between Agori and Bardhi, where 
the whole formation is most constricted. Nos. 3, 4 and 5 arc scarcely 
represented, and 6, 7 ; and the sandstone of No. 8 entirely absent. 
The uppermost beds, Nos. 9, 10, and 11, which collectively might be called 
the Rotas group, are the most constant of any ; and the bottom rocks, 
Nos. 1 and 2, the most inconstant, which may be explained by their being 
most afEected by the irregularities of the surface on which they were 
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deposited. All these conditions indicate the unity of the series as a whole. 
It may have altogether a thickness of 2,000 feet. The petrological re- 
semblance of the lower Vindhyans of the Son valley to those of the 
southern basins is much less than these latter bear one to another. 

The unconformity of the Son lower Vindhyau series upon the tran- 
sition rocks is total. The bottom conglomeratic beds are often made 
up of the subangular debris of the Bijawar jaspideous quartzites, and 
rest flatly upon the vertically upturned strata of the same. The bound- 
ary between the two formations is often straight for considerable 
lengths, and is otherwise seemingly abrupt, as if faulted ; but the local 
bottom- rock always occurs at the contact ; and the numerous and distant 
Vindhyan outliers, at a slightly greater elevation on the schists to 
the south, show that the original floor of deposition has not undergone 
much irregular displacement. Even this rise to the south would seem 
to be to some extent an original feature ; for in these outliers the con- 
glomeratic sandstone, which is the usual bottom -rock, is found in much 
greater force than elsewhere ; it is often very thin, and locally altogether 
absent at the main boundary, No. 2 or even No. 3 taking its place as 
bottom-rock ; facts which have suggested an oi-iginal shore of the de- 
posits in this position. 

I'he peculiar pseudo-trappean rocks already noticed in the Gwalior 
and Kadapah formations are more extensively disi)laycd in the Son area, 
constituting Nos. 3, 4, and 5 of the list, whic^h attain an aggregate thick- 
ness of aboul 300 feet. The middle beds are the most trap-like ; they 
consist of a rock principally made up of a finely saccharine silicio- 
felspathic paste, in which innate globular felspar and quartz are unevenly 
scattered. Where the felspar occurs in nests, it is commonly surrounded 
by a dark-green, amorphous hornblendic-looking mineral. An analysis 
(by Mr. Tween) of two samj>lcs of these rocks gave the following 
result : — 

Porncllauic rock, Trappoid rock. 


Soluble in acid 

. 

5*5 

4*8 

Insoluble . • 

. 

94-5 

95 2 

Silica .... 

.... 

86-81 

79-35 

Alumina .... 

. 

625 

12*23 

Iron sesquioxide (present also 

us protoxide with 



a trace of sulphide) 

. 

310 

2-50 

Lime .... 

• • • ■ 

0-12 

014 

Magnesia 

• • • • 

truce 

trace 

rotush .... 

• • • • 

4*10 

4*50 

Soda .... 

. 

I'OO 

3*10 



101*38 

101*82 
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The pseudo-trap is particularly well developed in the east about Kou 
Khds and in the inlicr.s in the alluvium at the mouth of the Son valley. 
In some of these it rests upon the gneiss, and in such cases it is very 
difficult to draw a line between the Vindhyans and the metamorphic 
rocks. The porcellanic beds, as elsewhere, are most regularly and 
distinctly bedded, and on weathered surfaces they often exhibit minutely 
fine and continuous lamination. The circumstance that these peculiar 
beds are most developed east of the Rehr and west of the Gopat, where 
granitic rocks are abundant in the adjoining areas, suggests the detrital 
origin of the shales from their crystalline neighbours. The rocks Nos. 1 
to 5 of the list may be considered as a lower division of the series in the 
Son valley. 

The porcellanic beds pass gradually up into the shales of No. 6, 
which, with Nos. 7 and 8, form a middle set of the scries on the Son. The 
shales of No. fi are easily abraded, and therefore are much concealed. 
The limestone No. 7 is most developed in the cast, where, owing to 
undulations of the strata, it forms several ridges between the Son and 
the Kaimur scarp. In the west it is found along the south base of the 
Kainjua range of hills, formed of the sandstone of No. 8 ; and this range 
for a space almost rivals the Kaimur scarp. To the west again the 
sandstone splits up, and the range comes to an end close to Bijiragugarh. 

Some concretionary calcareous shales of No. 8 form a gradual passage 
into the limestone No. 9, which with 10 and 11 forms the upper division 
of the series of the Son, more united even than the beds of the middle 
and lower divisions, for locally the whole thickness is formed of lime- 
stone, as at Rotasgarh, the ancient hill-fort at the eastern extremity 
of the Yindhyan plateau. The limestone is generally distinctly and 
thinly bedded, and fine in texture, cither microcrystalline or compact. 
It is exceedingly various in composition, sometimes pure, sometimes 
dolomitic, silicious or earthy. Through the gradual predominance of 
this latter ingredient it passes both horizontally and vertically into 
fine flaky silicious shales. No. 10 of the group, which are not confined to 
any strict horizon, though they occur very generally near or at the top. 
The thickness of the Rotas group is variously estimated at 700 to 900 
feet. It is the most constant member of the lower Yindhyan series in 
this basin ; it appears along the base and in front of the Kaimur range 
along the whole Son valley from Rotdsgarh to where it passes under 
the upper Yindhyaiis near Bilheri, a little way to the west of the rail- 
way lino, and close upon the Son-Narbada watershed. It would thus 
be more in natural order to speak of the lower Yindhyans becoming un- 
covered here and gradually more exposed down the valley ; the top of 
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the limestone at Rotds has about the same elevation ns the first out- 
crop near Bilheri at the head of the long valley. 

West of the watershed, there is only one small re-appearance of the 
lower Vindhyans. They disappear at Bilheri under an anticlinal arch 
of the upper series, which here stretch across to come in contact with 
the transition rocks along a faulted boundary. In a valley north-east 
of Kutungi, about 30 miles west-south-west of Bilheri, the top of the 
anticlinal has been denuded and the lower Vindhyans expostd. For a long 
way to the west of this no crucial sections are exposed ; but where the 
Vindhyans are next found in original (normal) contact with older 
rocks in the Dlidr forest the lower series is absent. It is also wanting 
all along the north-west boundary in the Arvali region ; and it is equally 
deficient along the whole western edge of the Bundelkhand gneiss. 

Any further description of the stratigraphy of the lower Vindhyans 
in this basin must be taken up with that of the upper scries, which 
conformably overlies them. 

The Bundelkhand area. — It may be considered certain that the 
Semri rocks under the Kairnur scarp in south-eastern Bundelkhand are the 
same as the lower Vindhyans of the Son valley, but their ap])carance on 
the north is much more irregular in every way — a circmin stance which is 
easily accounted for. From Chebu, close to the Jumna, they are seen at 
intervals below the Vindhysm scarp for 160 miles, to beyond the Dhasdn. 
The principal cxj)osures are — for 20 miles east of the Dhas^n, and for 
12 west of the Ken (Cane). East of the latter river the beds arc totally 
concealed for long distances where the upper Vindhyans pass over them 
on to the gneiss, and the lower formation is only visible in the gorges 
of the principal streams. About Kirwi, again, where the main scarp 
begins to trend eastwards, oblique to the general strike of the basin, the 
lower Vindhyxins are freely exposed ; but at Bliita, where the J umna 
first touches the rocks of the plateau, a few miles above Allahabad, 
the upper Vindhyans are at the water-level, the 2 >osition being more to 
the di]) of the basin. 

Tlie rock-groups more or less distinguishable in the lower Vindhyan 
series of Bundelkhand are as follows (in descending order) — • 

5. Limestone (Tirhowan). . 3. Sandstones (Dalchipur). 

4. Shales (Palkoa). | 2. Shales and limestone (Semri). 

1. Sandstone (Semri). 

Of these, Nos. 4 and 5 very circumstantially represent the Ilot6s group 
of the Son — the thin, sharply bedded, fine-grained limestone, of very 
variable composition both in chemical and mechanical ingredients, and 
the flaky silicious shales between which, more capriciously than in 
• * Memoirs, G. S. I„ Vol, 11, 
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the Son area, the most complete transitions occur vertically and liorizon- 
tall}^ When the Bundelkhand gproimd was first described, the equivalence 
of tlicse different rocks was not detected, and consequently it was 
supi)Osed that the shales had suffered denudation before the deposi- 
tToii of the limestone, and the limestone again before the deposition 
of the Kaiinnr sandstone (upper Vindhyan), which is found resting 
directly on botli. In one form or the other, as shale or limestone, this 
group is found from end to end of the outcrop, being, like the Rotiis 
group, the only constant member of the series. 

There is one character connected^with this limestone in Bundelkhand 
that does not occur in the Son region : it is almost constantly overlaid by 
a silicious breccia, not a detrital rock nor a contortion-breccia, but ap- 
parently composed of thin layers of agate, chert and jasper, shattered in 
place either by concussion or desiccation, and re-cemented by sintery or 
hyaline silic*a., free from sand or other detrital matter. Tliis breccia 
is rather connected Avith the limestone than with the overlying Kainiur 
sandstone, which often has at its l)ase a breccia-conglomerate very 
different, however, in character from the Tirhowan breccia., which is 
adlierent to the limestone, and also fills cracks in its upper surface. This 
bed is sometimes 40 feet thick, as on Panwari hill, south-east of Tirhowan. 

Some black concretionary shales in No. 2 , may be supposed to repre- 
sent the exactly similar beds in No. 8 of the scries in the Son valley. 
Jn both localities explorations for coal have been made in these beds by 
sanguine adventurers. No further similarities can be traced between the 
two series : the lower groups in Bundelkhand arc even more inconstant 
than those of the Son. 

The greater irregularity of the groups at the outcrop in Bundelkhand 
is manifestly due to this being the original edge of the deposits. In 
the Son the neighbourhood of an original boundary not far to the 
south is suggested, but in Bundelkhand the whole feature is fully ex- 
posed. In the gorge where the Semri undercuts the section from north 
to south, the Semri sandstone does not follow up the rise of the Bijawar 
rocks in parallel bedding, but is banked against it in lenticular masses. 
At the head of the lateral valley to the west, under Chopra, the Semri 
shales are seen to stretch up against this bank of sandstone with a gra- 
dually diminishing thickness, and arc in turn cut off by an overlapping 
sandstone, representing the Dalchipur rock of the Dhasan area, which is 
itself covered and overlapped by the Kaimur (upper Vindhyan) sand- 
stone, the Tirhowan limestone being altogether cut out, but it occurs in 
force at the base of the scarp along the principal valley a short distance 
to the south. 

Each of the groups in tuni, except perhaps No. 2, is found at or very 
near to the base of the series. In the west, at the Dhasan and east 
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of it, the Dalcliipur band is the dominant or even the only member pre- 
sent. Near the east bank of the river there is a remnant, about ] 0 feet 
thick, of the Semri sandstone, but on the west, under Kurat, the thick 
pebbly Dalchipur rock lies close upon the Bijawar greenstone ; and to the 
south nothing is seen between the Dalchipur sandstone and the Kaimur 
conglomerate. However similar these two conglomerates may be in 
general characters, they have one striking distinction — the pebbles in 
the Dalchipur rock are all of white quartz, while those of the upper 
Vindhyan rocks are almost entirely of red jasper, just like the Gwalior 
stone. Tins contrast in itself suggests a great change in the conditions of 
formation ; it may even be a hint that the Gwaliors and lower Vindhyans 
are nearer to each other in age than our classificat ion would indicate. 

In the middle area, at and west of the Ken, the Sernri sandstone and 
the overlying shale and limestone band are well develo])ed. The latter 
is also fairly seen in the gorges of t.hc llanj and the Boghin, east of 
Panna; but in the eastern area, about Kirvvi, the TirhoAvaii (Kolas) 
limestone, very free from its familiar shales, is with one exception the 
only member of the series. The exception consists in a very peculiar 
bottom-rock covering the granitoid gneiss. Whore found under the 
limestone this rock might readily be referred to the 'l^irhowan group, for 
it often has layers of dense, fine limestone just like that rock, and it is 
otherwise chert y, as is often the case with Ihe limestone; but it is 
largely a defrital rock composed of quartz-sand, fols])ar. grains, and 
(characteristically) glauconite. Cherty segregation in many forms — 
spongy, pisolitie, amygdaloidal or disseminated — gives its most peculiar 
aspect to the bed. This rock is traceable in the hills soulli-west of 
Kirwi, the most north-westerly of which, about Akbarpur, arc alto- 
gether of metamorpliic ro<?k and have a pointed or rounded outline; the 
next have only a thin cap of Kaimur sandstone ; but the sedimentary 
beds thicken steadily to the south-east, and at the sacred hill of Chattarkot 
the gneiss appears only at the base on the north-west side. At the 
high elevation of the junction there is only a remnant of the cherty 
contact-rock eositing the gneiss under the Kaimur sandstone, and in 
Chattarkot hill the contact-rock occurs under the limestone, holding its 
position as a true bottom-rock. At a few places in the eastern area the 
sandstones of this hand arc well marked, as in the gullies to the 
south-east of Chattarkot hill ; and they bo(;ome more developed to the 
west, as north of Patina on Bisramganj Oluit, where lliey are 50 feet 
thick. In this way they are traceable into relation with the Semri 
sandstone, in wliieli also glauconite-grains are of eonimon occurrence. 

This peculiar contayt-rock of the east has been more specially noticed 
because of a conjecture that it may possibly be an original nidus of the 
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diamond. A common form of it is a semi-vitrcous sandstone, or 
pseudo-quartzite, of a grecnisli ting*c, the result of the local solidification 
the sandstone by difPused silica. Lurg*e pebbles of this rock arc 
very abundant in the conglomeratic diamond-bed of the Rewah shales at 
tlic Panna mines, and it is said they are broken uj) in the search for 
diamonds. The diamond- bearing beds of the upper Vindhyans are now 
at a mucli higher level than any existing outcrop of the Sernri beds ; 
blit it is very probable that this peculiar rock once extended over the 
tlien elevated surface of the gneissic area. It is, of course, only in view 
Ilf the remarkable steadiness of the actual horizon of the Kaiinur con- 
glomerate and its overlap on to the gneiss, as described in Bundelkhand, 
that any suggestion need be offered as to how debris of /w/ra-Kaimur 
beds can have found their way into ^wjom-Kaimur deposits. 

Upper Vindhyans. — The upper Vindhyan formation ^ ranks third 
in superficial extent within the rock-area of the peninsula, occupying in 
a single basin a larger surface than the combined areas of any other 
formation except the gneiss and the Deccan trap. The form of the 
basin is peculiar : there is a great area, 250 miles long, between Chit- 
torgarh on the west and Saugor on the cast, and 225 miles broad from 
Indargarh on the north to Barwai for Mortaka) on the south, all pre- 
sumably occu})icd by upper Vindhyans, although a very large part of 
it is covered by the trap of the Malwa plateau. From Saugor a long 
arm, with a maximum width of 50 miles, stretches eastwards for 340 
miles to Sasseram in Behar. Another broader tract extends northwards 
from Saugor, and passes under the Gangetic alluvium between Agra and 
Gwalior. The gneissic mass of Bundelkhand lies between these pro- 
longations. The exposed surface of the upper Vindhyan deposits is about 
40,000 square miles; and with the area beneath the trap the basin 
would occupy about 65,000. The classification of the st rata composing 
the upper Vindhyans is as follows : — 


r Upper 

. 13. Sandstone. 

) 

^12. Shales (Si rim). 

BiiAN BEB ( Bundair) . j 

\ 11. Sandstone. 

1 Lower 

10. Limestone. 


k 9. Shales (Gannrgarh). 

r Upper 

, 8 . Sandstone. 

Rewah . . .) 

, 7. Shales (Jhiri). 

1 Lower 

,5 6. Sandstone. 

C 

^ 5. Shales (Panna). 


Katmub {Kymore) 


( Upper 
j Lower 


{ 4. Sandstone. 

3. Conglomerate. 

( 2. Shales (Bijigarh). 
I 1. Sandstone. 


»MemoirB, G. S. 1., Vol. VII. 
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The iii)per division of the Vindhyan system is in the main a sand- 
stone formation, with distinct bands of shales, mostly coarse and flag^gy. 
The only limestnne is a subordinate band occurring pretty constantly 
throughout the area in the Bhanrer group, but the lower Rewah shales 
(Panna) are locally calcareous. Both the chief and minor sub-divisions 
are wonderfully persistent over the whole of the great basin, all being 
found in both the eastern and northern areas into which the main area is 
divided by the Deccan trap. The lower Bhanrer and lower Bewah sand- 
stones ai’e very attenuated in eei-tain directions, but there is an equivalent 
increase in the thickness of the enclosing shales. In certain positions 
also the great bands of shales thin out altogi'ther, and the main sandstones 
coalesce. These reciprocal variations in the distribution of the coarser 
and finer deposits have distinct relation to position with reference to the 
border of the area, the shales being in force towards the middle of the 
basin, and being replaced by sandstones near the margin, showing that 
this border is approximately an original limit., and that the actual basin 
corresponds pretty closely with the basin of deposition. There are local 
exceptions to this condition, and it is in the direction in which these 
exceptions occur, on the Arvali side, that the only recognisable 
distant outliers of the upper Vindhyans have been observed, 

A formation so constituted, and for the most part but little affected 
by disturbance, can result in but one form of surface ; accordingly the 
upper Vindhyan area presents a three-fold plateau, each step formed of 
one of the main groups, with minor plateaus, terraces or ledges corre- 
sponding to the various sub-divisions. The thick sandstones form vertical 
scarps over a talus of the underlying shales. There is, moreover, a 
basin -shaped He of the beds, apparently to a great extent original, 
whereby the surfaces are rendered more or less concave, and the edges of 
the successive scarps of sandstone scarcely higher than the outer one 
composed of the Kaimur rock. From this arrangement it follows that 
the upper group ocfcupies by far the larger part of the area : even the 
middle step of the plateau, the edge of which is determined by the 
llcwah sandstone, is chiefly occupied by the lower Bhanrer shales. 

The Son-Narbada boundary, — The lower Kaimur beds are the 
least exposed of any, and are only known in the eastera arm of the basin, 
and very locally in Bundclkhand. They are best seen in the gorge of 
the Ghagar north-east of Agori, under Bijigarh fort, where the shales 
are 150 feet thick, and the lower sandstone 200 feet. These shales are 
quite black, and were explored for coal in 1837 ; but no trace of any such 
mineral has ever been found in them, or in any part of the Vindhyan 
series. For some distance to east and west the outcrop of these shales 
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prodncos a double searp ou the face of the Kaimur range ; but at the 
extreme eastern end at Rotas the shales are scarcely, if at all, represented, 
the sandstones forming an unbroken mass. 

At this end of the basin the whole Kaimur group is estimated as 
1,300 feet thick. In going westward up the Son valley it gradually 
decreases, disapi)earing altogether at the watershed, where the Eewah 
sandstone rests upon the lower Vindhyans, the whole of the lower Rewahs 
having also vanished. This actual diminution of the Kaimurs and the 
lower Rewahs westward, along the southern outcrop of the basin, is in 
reality only due to the thinning out of the deposits southwards, presumably 
io the rise of the basin, and to their overlap by later beds of the series; for, 
in passing westwards from Rotas along the northern outcrop, the Kaimur 
beds continue in force throughout the whole border up to Gwalior ; and at 
the gorge of the Ken, which is about oj)positc to the head of the Son 
valley, tliegrou]) is manifestly thickening to the south, some fine greenish 
shales a])]K;arijig at the de(‘pest points of the sections under the Kaimur 
conglomerate, 'llie group is also w’^ell represented along the western 
border in Rajputana. 

At the Son -Narbada wat(‘rshed, wdiere the Kaimurs are overlapped, 
tlie other grouj)s of the formation have been estimated (at Kuttangi) as 
f<»llows : — 

Upper Blianrevs 050 

Jiower 1,450 

Ui>poi' Rcwalis ....... 1,(KK1 

:i,ioo 

The great, thickness of upper Rewah sandstone here suggests that the 
disappearance of the Rewah shales is not jmrely due to overlaj), but partly 
to repliw;ement. This plan of distribution — the tendency to a greater 
development of sandstone and a corresponding diminntion in the thick- 
ness of the intercalated shales towards the actual limits of the formation — 
becomes more and more developed to the south-west : north of the 
Narbada near Iloshangabad the series consists of — 

Upper BhfinrcTs 3,000 

Iif)wer ,, . 600 

Upper Uewalis .... ... 6,000 

9,500 

And in the Dh^r forest still further to the westward the whole for- 
mation consists of an enormous accumulation of sandstone, estimated 
at 1 0,000 feet, without distinguishable horizons. Mr. Mallet considers 
that this great sandstone formation probably represents all the groups 
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elsewhere so persistently separated. The fact that the greatest known 
accumulation of the upper Vindhyans occurs at the south-western 
extremity of the area seems to be opposed to the conjecture already 
made that the whole southern boundary is near the original limit 
of deposition ; but, on the other hand, the absence of the finer deposits 
at this south-eastern corner of the basin suggests that the sandstones 
of this part of the basin were formed near the margin of the deposition 
area. The whole country to the south-west is covered by trap. 

Boundary in Bundelkhand. — The border of tlic Vindhyans in 
Bundelkhand is more distinctly seen to be related to primitive features 
of the ground than can be proved in the case of the southern boundary. 
The bottom bed everywhere, except up the gorges, is the Kaimur 
conglomerate, forming a scarp over an underelifE of gneiss or of tlie 
intervening formations (lower Vindhyan or transition) already descril)ed. 
Where the river gorges afford sections at right angles to the boundary, 
the conglomerate is seen to thin out, dis})erse and vanish, other beds of 
the same group appearing below its horizon. On the Ken, fine shales 
of decided upper Vindhyan type art^ found in this position; so that the 
Kaimur conglomerate, though generally the botinm contact-rock of 
the upper Vindhyans in J3undelkhand, is not at the very base of the 
formation. 

It is not in t he Kaimur group only that evidence of thinning out 
against the gneiss of Bundelkhand is found. Towards the position 
where the upper Vindhyans have least suffered from erosion, at the head 
of the great bay of lower Bundelkhand, the outer (Kaimur) step of 
t he j)lateau, in l)otli ihe eastern and northern areas of the basin, gradually 
narrows, and the llewah scarp approaches the glacis of the Kaimur 
scarp, l^he whole llewah group does not, however, rise in tin’s direction, 
as would hapi)en if the basin were one of depression ; the Rewah shales 
die out and the JUiwah sandstone creeps up over the lower grouj), and 
for many miles forms an inconspicuous feature close behind the Kaimur 
scarp. 

Boundary on the Ganges. — For the 1^0 miles between Allaha- 
bad and Sasseram (or more exactly between Chebu and Chainpiir) the 
scarp of the Kaimur sandstone passes very obliquely across the axis of 
the eastern arm of the upper Vindhyan basin, connecting the boundary 
ill Bundelkhand with that in the Son valley. For a great part of the 
distance the Ganges runs close to the jdatcau, and has, probably, repeat- 
edly struck the base of the scarp at different points, as it now does at 
Chunar. Altogether, the position is one of special exposure, and no 
doubt a considerable area of the Vindhyans has been removed; no 
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underlyini^ rock is exposed, the Kaimnr sandstone being everywhere at 
the level of the river or of the alluvium. Still it does not seem pro- 
bable tliat these rocks ever extended far in this direction ; for the gentle 
inward slope of ihe beds which elsewhere has been found connected with 
other shoreward symptoms holds good for this part of the boundary also* 
Arvali boundary. — Of a great portion of the nortli-wcstera 
boundary in Rajputana, we know little more than the position. On 
the south-west, the Rajputana border seems generally to resemble that 
in the Son valley or Bundelkhand, and to show a well-marked three-fold 
division of the scries, with a bottom sandstone resting indiscriminately 
on a variety of gneissic and transition rocks ; but the ground has not been 
sufficiently examined to render it clear whether there are any signs of 
an original thinning out of the deposits such as has been described else- 
where. The features of this boundary to the north-east are against 
such a supposition, or at least do not suggest it ; for long distances, as at 
Keraulij the upper Bhanrer beds are brought into juxtaposition with the 
Arvali rocks by a great fault, outliers of the Rewah and Kaimur groups 
resting u]X)n the transition (Arvali) rocks close by on the north-west side 
of the fault. It is plain that here the upper Vindhyans may once have 
extended indefinit(dy to the west. The same may be said of the noithern 
prolongation of this arm of the basin ; the whole series, seventy miles 
wide between Kerauli and Gwalior, strikes steadily to the north-east and 
so sinks gradually under the alluvial plains of the J umna. A general 
fiection in this part of the basin, taken in a north-west direction through 
Sipri, gives the following dimensions for the several groups : — 


Upper Blidnrers . 



Feet. 

. 2,000 

Lower „ 

. 

, 

. 1,500 

Upper Rewalis 

. 


. 300 

Lower „ 

• 


. 460 

TTpper Kaimur 

. 

. 

260 




4,600 


It should be recollected that the lower groups on this section are mea- 
sured near the edge of the basin. They are probably much thicker, where 
covered by the Bhanrers in the centre of this area. 

Petrology.— The general composition of the upper Vindhyan rocks 
is as uniform as their general arrangement. Although chiefly made up of 
sandstones, which are the coarser type of detrital deposits, the fineness of 
the rock throughout the formation is remarkable. With the exception of 
the Kaimur conglomerate, which is constantly present as a bottom -bed all 
round the boundary in Bundelkhand, pebble beds are of rare occurrence. 
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Tlie Kaimur conglomerate is everywhere conspicuous through the promi- 
nence in it of bright red jasper pebbles, presumably derived from the 
jasper bands so abundant in the Gwalior formation. Where the Vin- 
dhyans rest upon the Gwalior beds, the rock is rather a breccia than a con- 
glomerate, the included fragments being quite angular. The amount of 
this debris throughout such a length of outcrop, to such a distance from 
the nearest known area of Gwalior deposits, suggests the extensive re- 
moval of these peculiar rocks from the position now occupied by the 
gneiss. 

There are general characteristics peculiar to each of the great sand- 
stones, The Kaimur rock is fine-grained, greyish, yellowish or reddish- 
white, sometimes speckled brown ; false-bedding is frequent ; massive beds 
are abundant, but, on the whole, the bedding is of moderate thickness, 
sometimes flaggy and shaly. The Rewah sandstone is somewhat coarser, 
and generally presents a mixture of massive strata and false-bedded flags. 
The Bhanrer sandstone is softer than that of the lower bands, very 
fine grained and generally distinguishable as of deep red with white 
specks, or of pale tints with or without red streaks. The beds are gener- 
ally thinner, and not more than 6 to 18 inches in thickness ; but very 
massive beds also occur, as is exemplified by the great monoliths cut from 
the quarries at Rupbas near Barhatpur (Bhurtpore). Ripple-marking 
is common throughout the greater part of the Vindhyans, and occurs 
in great profusion and variety in the upper Bhanrers. 

The different shale-bands of the upper Vindhyans do not present any 
constant distinctive characters. Thin, sharply-bedded, flaggy, silicious 
or sandy, sometimes micaceous shales, of greenish and rusty tints, 
form the prevailing type throughout. Purely argillaceous shales are 
rare. 

The Bhanrer limestone is perhaps the most variable rock of the series. 
Sometimes there is a considerable thickness, as much as 260 feet, of 
firm stone ; elsewhere there is very much less, the carbonate of lime 
being apparently disseminated amongst the calcareous shales associated 
with the limestone and partly taking its place. The limestone is gener- 
ally earthy and compact, of grey, yellow or reddish tints, sometimes 
purer and either compact or crystalline. It was in this rock at Nagode 
that fossils were thought to have been found long ago by Captain Frank- 
lin ; they were supposed to be Gryphe^a^ and the rock was on this account 
assigned to the lias. It is not known what became of the specimens, 
and repeated search at the same locality has failed to verify the dis- 
covery. It is highly probable the objects discovered were not organic 
at all, and quite certain that the specific determination of them was 
fanciful. 
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The mutual relation of these sandstones, shales, and limestones is most 
intimate throughout the upper Vindhyan series. The passage upward, 
from shale into limestone, or into the great bands of sandstone, is always 
more or less gradual, by interstratification ; while the change into shale 
at the top of the great sandstone beds is as generally abrupt. 

Relation to the lower Vindhyans, — The relation of the upper 
Vindhyans to all contiguous formations is most unequivocal uncon- 
formity, except with the lower Vindhyans. That there is some slight 
unconformity here too, may be inferred. Overlap-unconformity has been 
shown to be extensive ; but more than this would be presumable if only 
from the sudden highly contrasting and widespread change from the 
peculiarly fine deposits of the Rotas group to the Kaimur sandstone ; 
and there is, in fact, evidence for some denudation-unconformity in the 
recognisable lower Vindhyan debris very sparingly found in the Kaimur 
deposits. Two deceptive features have, however, given grounds for 
exaggerating the evidence for a break between the upper and lower 
Vindliyaiis : before the entire equivalence of the upper shale and lime- 
stone of the Rotas group had been established, it had to be assumed that 
one or the other had been very extensively denuded before the deposition 
of the Kaimur beds, and this assumption involved much irregular super- 
position, although none could be detected in actual sections. The other 
dc(ieption is more important, because it involves the introduction of the 
higher degree of disturbance-unconformity — the greater or less contor- 
tion of the lower Vindhyans before the Kaimur period. Tliis view 
rested upon the fact tliat the lower Vindhyans arc often found sharply 
twisted in close proximity Ix) the perfectly undisturbed Kaimurs in the 
Son valley. The uj)per Vindhyans themselves have, no doubt, under- 
gone considerable flexure in this zone, as may be seen where they stretch 
across the main outcrop of the lower Vindhyans of the Son area, on the 
west at Bilheri and on the east at the Ghagar. But these broad undu- 
lations were not at first thought sufficient to include the frequently sharp 
flexures seen in the lower rock. This opinion had, however, to give way to 
the fact of invariable complete parallelism of the layers of the two for- 
mations whenever a contact could be observed, even in proximity to those 
contortions. It is important to dwell upon this observation, because some 
unconformities of this class, rejiorted and insisted on elsewhere, rest upon 
no other evidence than that found to be fallacious in this case. It may 
even be suggested that such appearances might possibly be produced 
independently of any general disturlmnce of associated thick and thin, or 
hard or soft, deposits, merely by pressure from an adjoining elevated mass 
upon yielding underlying beds, as occurs in the familiar case of the ^ creep ^ 
in coal mines. 
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Disturbance of the upper Vindhyans. — From the remarks in 
the preceding paragraph, it appears that the upper and lower Vindhyans 
have been affected by the same disturbing causes; and it has been said 
that any violent effects of disturbance are restricted to the south-south- 
east and the north-west margins of the basin. Two local exceptions to 
this rule may be noticed. In the Panwiri ridge south of Tirhowan, the 
limestone (Rot&s) is capped quite horizontally by Kaimur sandstone. 
The hill is more or less detached from the main plateau, and in the broken 
ground intervening, as well seen on the Paisuni and the upper valley of 
the Ohun, the sandstone is found dislocated and dipping in the 
most irregular fashion, quite inexplicable by any ordinary mode of 
disturbance. The displaciement is probably due to the underground solu- 
tion and removal of the Rotds limestone, and the eonseqiient subsidenee 
of the sandstone. 

The other special instance of disturbance is not local in the same 
sense as the last, as it is probably only a symptom of much more tliat is 
concealed. It lias been said that over tlic wide expanse of Vindhyan 
rocks between Gwalior and Nimach, the Blianrer and Rewah beds lie 
quite flatly : and it has l)cen prcisumed that to a considerable extent they 
stretch in this manner under the trap of Malwa. Close to Jhalra Patan, 
however, at the i orthern edge of the basaltic f)lateau, a sharp axis of dis- 
turbance passes from the south-east, lieneath the trap, to the north-west, 
throwing up the Vindhyan strata in an anticlinal flexure, with dips of 
70® on each side. Along this steep outcrop the sandsionc weathers 
into long narrow ridges. I’his feature gradually dies out to the north- 
west. It is a hint that the disturbance which so violently affects the 
Vindhyans of the Dhdr forest, extends far to the north under the basalt 
of Malwa. 

The disturbance of the strata along the south -south -east border of 
the Vindhyan basin, io as far west as Iloshangabad, is plainly a recurrence, 
on the same lines, of the compression which had j)roduced the contortion 
and cleavage in the adjoining transition and gneissic rocks. It seems 
to have taken different forms in different parts of the ground. Along 
the whole Son valley, there is little or no faulting in the zone of disturb- 
ance ; but at the Son-Narbada watershed one or more faults occur at 
and close to the boundary, the oast-north -cast strike being remarkably 
steady throughout. Down the Narbada valley towards Hoshangabad, 
the dips in the Vindhyans become unsteady. At Hoshangabad, and again 
in the Dhar forest, there is a decided predominance of a north-westerly 
south-easterly strike ; and as the cast-north-cast strike remains constant 
here in the contiguous transition and metamorphic rocks, it may be 
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sandstone^ which has a gentle northerly slope. This limestone has a con- 
siderable extension to the north. 

The condition in which the Vindhyans occur on the west side ot the 
Arvali^ much more than their state on the east side, proves them to be 
quite superficial as rcgai*ds the rocks of the Arvali system, and that it is 
only in a secondary and derivative manner that they can be related to 
the Arvali mountain-system. Thus it is i)robab]y incorrect to speak of 
this Jodhpur sandstone as an outlier of the upper Vindhyan basin : it is 
more likely to be an independent representative of that formation. This 
interpretation implies that the Arvali axis is of pre- Vindhyan origin^ and 
that altered Vindhyans do not form part of the Arvali rocks. 

Allusion was made (p. 16) to some small Vindhyan outliers occurring 
on the Bundelkhand gneiss to the north and west. They differ much in 
character, and tlieir peculiarities of composition may help to explain 
their apparently anomalous position. Altboiigh the gneiss reaches 
high up under the scarj) of Kaimur conglomerate all round the western 
border of the area, which is described as a local edge of deposition, 
these small outliers occur at the level of the low couni ry. If they agreed 
in comj)osition with the rocks of the main area, which are so sti-ikingly 
constant in this respect within that area, the fact might be at once 
explained by a subsequent change of level; but such is not the ease. 

The most curious of these outliers form a very l)roken chain running 
to south-south-cast from close under the Par scarp at L^era (7 miles east 
of Antri) to Uchar on the Sindh river. Most of the exposures are quite 
level with the plain, or only to be seen in the beds of streams. In a 
few cases, as at Lddera and Pichor, they form narrow ridges up to ^100 
feet in height. The rock is sandstone of the upper Vindhyan type; and 
at the north end, close to tlic Par scarj), it contains large angular i)ieces 
of the banded Morar shales ; but elsewhere it is quite free from coarse 
debris of any kind. From many clear sections it is quite evident that 
these ribs of sandstone once filled a more or less continuous run of 
cjracks, fissures, chasms, or small valleys in the gneiss. On both sides of 
the Pichor ridge the gneiss reaches well up on the sides of the sandstone 
mass, with vertical surfaces of contact. In the low ground at the 
point of the ridges, and in the small outliers, thin vein-like runs, 3 
feet wide and upwards, of the sandstone, are well seen completely let 
in to the gneiss, as it might be filling an emj)tied trap-dyke, the rootlets 
of the wdder chasm above. Fven in the larger masses no bedding is 
visible ; l)ut sometimes at the edge of the mass planes of pseudo-lami- 
nation and even ripple-marked surfac^es occur parallel to the vertical 
wall of gneiss. In every ease observed, the lines of ripple were horizontal. 
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and the steep face of the ripple turned downwards. Some of these 
features seem to necessitate the supposition that the sandstone Tvas let 
into this position by disturbance ; but all the other circumstances have 
suggested the explanation given. The ripple may have been produced 
by dripping. 

At Maharajpur, 10 miles south of Antri and 14 miles east of the 
Vindliyan scarp, there is a small group of hills, about 3 square miles in 
extent, formed of fine sandstone overlying about 50 feet of flaggy shales, 
both of Vindhyan type. The strata are greatly disturbed, but most 
irregularly, as if compressed from every side. Although so much broken, 
the rock is quite free from vein-quartz, which is also a general character 
of the Vindhyans as compared with the Gwalior strata. 

The small hills of Sonar, 10 miles south-east of Narwar, and of 
Mohair, 16 miles farther in the same direction, present the same charac- 
ters of composition and disturbance as at Mjiharaj]>iir. At Mohar a 
trace of the Kairnur conglomerate occurs in the sandstone above the 
shales, wdiich cover a considerable area round the base of the hill,^ and 
may be looked upon as lower Kairnur. 

A consideration of all the peculiar circumstances of these outliers 
would seem to suggest that they may represent small local basins of the 
upper Vindhyans. It seems that the process of denudation all round 
the Vindhyan area has been to decompose and remove the chemically- 
constituted nietamorphic rocks which once formed high land around the 
sedimentary basins (whether this relation were original or due to subse- 
quent warping of the surface), leaving the softer but undecomposablo 
detrital rock to project where once had been depressions of the surface. 
This seems, indeed, to be a general law of denudation within appropriate 
limits and conditions. 

1 A rciiinant of the hij^h-level roek-hiterite oecui)it*s the sumiDit of Mohar, hut without 
auy trace of trai). The iiniwrlaiict of this observation will be shown in the cha 2 )ter relat- 
ing to latcrite. 
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CHAPTER V. 

PENINSULAR AREA. 


GONDWANA SYSTEM. 

Introductory remarks — Geological position and characters, and derivation of name — Area 
occupied — Fluviatilc origin probable Geological relations in India — Correlation with 

geological sequence in Europe and other countries — Contradictory evidence — Ancient 
zoological and botanical regions — Value of palaeo -botanical evidence — IVobable range 
of Gondwkna system from permian to upper jurassic — Origin of Gondwana basins, 
and their relations to existing valleys — Surface of Gondwana area — Division of Gond- 
w^na system into groups — JiOWEa Gondwana GRorrs — Talcbir group — Petrology 
• — Boulder bed — Resemblance to volcanic rock — Resistance to weathering — Extent 
and thickness — Paheontology — Karharbari grouj) — Reasons for distinguishing the 
gioup — Petrology — Relations to Talchirs and thickness — l*a layout ology — Possible 
representation of group elsewhere — DamOda seric^s — Sub divisions — Pala,‘ontology — 
Ridations to carboniferous flora of A ustralia — Iltdations to K aroo series of South Africa — 
Bnrakar group — Petrology — Relations to Talchirs — Thickness — Ironstone shales — 
Raiiigatij group — Motur group — Bijori group — Kamthi aiml Hengir group — Mangli 
beds and their fossils — Pancliet group — Petrology — Paheontology — Almod group. 

Introductory remarks.— It has already heen pointed out that 
tliere is^ in llie Peninsula of India^ a remarkahle deficiency of marine re- 
presentatives of the ])alfeozoic and lower mesozoic formations. Throug-hout 
tlie immense tract of ]and^ bounded on the south by the sea^ and on the 
north by the alluvial plain of the Ganges and Indus, there is, with the 
exception of the Jurassic beds of Cutch (Kaehh or Kacli) and Jesalmir 
to the north-west, and a few outcrops of similar age along the east coast 
near Madras, Ongole, and Ellore to the south-east, no known marine 
deposit of older date than the cretaceous epoch. 

Geological position and characters, and derivation of name. 
— The m arine older and middle mesozoic, and probably the upj)er palaeozoic 
formations of other countries are represented in the Peninsula of India 
by a great system of beds, chiefly composed of sandstones and shales, w^hich 
appear, wdth the exception of the rocis just noticed along the east coast, 
to have been entirely deposited in fresh water, and probably by rivers. 
Remains of animals are very rare in these rocks, and the few which have 
hitherto been found belong chiefly to the lower vertebrate classes of 
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reptiles, amphibians, and fishes. ‘Plant remains are more common, and 
evidence of several successive floras has been detected. The sub-divisions 
of this great plant-bearing series have been described under a number 
of local names, of which the oldest and best known are Talchir, Damuda, 
jMahadeva, and Rajmahal, but the Geological Survey has now adopted 
the term Gondwana for the whole series. This term is derived from 
the old name for the countries south of the Narbada valley, which 
were formerly Gond^ kingdoms, and now form the Jabalpur, Nagpur, and 
Chhatisgarh divisions of the Central Provinces. In this region of Gond- 
wana the most complete sequence of the formations coiLsti luting the 
pre.sent"rockTsystem is to be found. 

Area occupied. — Taken as a whole, the Gondwana system has a 
wide cxtensionli^iu the Indian Peninsula; but its represenlaiives liawi 
hitherto only been detected at one locality in Transgang(‘tic India, 
viz., along the base of the Himalayas in Sikkim, nimtan, and the I>alla 
hills.2 Ile])resentative.s of the highest Gondwana group are found in 
Cutch resting n])oii marine jiirassic rocks and capped by neoeomian beds ; 
and in the desert which intovenes between Sind and Riijpiitana, s<une 
rocks containing plant remains, and underlying Jurassic limcstenes, 
closely re.seml)le y)orlions of the Gondwana series in lithological character.^!. 
Other reprcsentativ(*s of b(.*ds high in the (joiidw.^iia serie.s, in tJiis 
case, however, frequently containing marine fossils, extend down the 
east coast. But with these exceptions, no representatives of the 
system are found in the Peninsula north of the line formed by tlui 
valleys of tlie Narbada* and Son, nor south-west of another line divnvn 
fi-om the sea at Masniipatam through Khamamet and Warangal nortli- 
east of Hydcrahad, till it enters the trap area near Nirmal. The main 
areas of Gondwtiiia rocks are in the Rajmahal hills and l)ani6da valley 
in Bengal, the IVihutary Mahals of Orissa, Chhati.sgarh, Cliutia (Chota) 
Nm g])ur, tlu? upper Son valley, the Satpura range south of the Narbada 
valley, and the Godavari basin. 

* For the iiiformsition of non-Indian readers, it mny be well to add tliat the Gond 
is one of the prineipal Dravidiaii, or so-called aboriginal, tribes, who are believed to have 
inhabited the coiiiitry before the adA^oiit of the Aryan Hindu race. 

"Mallet, Mem. G. S. 1„ Vol. XI. p. 1 ; and Godwin-Anston, .1. A. S. 1?., 1875, XLIV, 
I’t. 2, ]). 37. Perhaps the oecurrcnco of u representative of the Ibijinahal stratified tra])S on 
the flanks of the Khasi Hills might be quoted as a seeoiid instance. In this ease, however, 
although the identifiention of the two sets of beds is highly probable, it bns not been 
confirmed by the discovery of fossil evidenco. 

^ Outerojis have been found in one place at least north of tlie river Narbada to the 
westward of llosbangabad, but far south of tlie watershed. The Narbada, above tlie ncMgb- 
bourbood of .labaljair, runs south of the general line of division, and Gondwami rocks oi'ciir 
north of the river. 
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Pluviatile origin probable. — It has already been mentioned that, 
with the few exceptions noted, the whole of the Gondw&na scries is be- 
lieved to consist of strata deposited in fresh water, and the only question 
which arises is whether the beds are lacustrine or fluviatile. The coarseness 
of the rocks in general, the prevalence of sandstones, and the frequents 
occurrence of bands of conglomerate, render it improbable that these 
strata are of lacustrine origin, and the absence of mollusea almost 
throughout is, on the whole, rather more consistent with river than lake 
deposits, although it is difficult to account for on either hypothesis. The 
few fish and reptiles which occur might have inhabited either lakes or 
rivers, and the Edheriaiy which are common in several sub-divisions of the 
series, might either have lived in lakes or in the great pools and marshes 
wdiich often occupy so large an area in broad river valleys. The plants 
might have been preseiwcd amongst either lacustrine or fluviatile deposits, 
except that it is difficult to conc(?ive the formation of beds of coal at the 
bottom of lakes ; it is more probable that coal originated in marshy forests, 
such as frequently occur in the valley-plains of rivers. The jihysical 
characters of the strata, the frequent alternation of coarse and fine beds, 
the frequency of current-marking on the finer shales and of oblique 
lamination, due to deposition by a current, in the coarser sandstones, and 
the circumstance of the upper portions of a bed, such as a coal scam, 
being locally worn and denuded when a coarse sandstone is deposited 
upon it, — a phenomenon of frequent occurrence, — arc quite consist ent with 
the theory of deposition in a liver valley, but o])posed to the conception 
of lacustrine origin. A river constantly changes its course and deposits 
coarse sediment near its channel and finer materials from the overflow of 
its flood waters, the area within which each form of sediment is deposited 
varying frequently. In a lake the coarse deposits must be liinittid to 
the margin, and finer sediment accumulates away from the shore, whilst 
there is no current to sweep away the surface of a recently deposited 
coal or shale bed, and to throw down coarse sand in its place. On the 
whole, the evidence is decidedly in favour of a fluviatile origin for the Gond- 
wana rocks, and it is probable that they were deposited in a great river 
valley, or scries of river valleys, not unlike those which form the Indo- 
Gangetic plains at the present day. There is a possible exception in the 
lowest beds of the series, the fine silts which form the basement beds 
of the Talchir group. These' may be of lacustrine origin, but there 
is no clear proof that they are, and their remarkably persistent 
character throughout an immense tract of country is rather opposed 
to the idea of their having been formed in a lake or a series of 
lakes. 
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Geological relations in India. — Concerning the relations of this 
great series to olJer and newer formations but little can be said. No older 
fossil if crous de])osits arc known in the area to which the Gondwana rocks 
are restricted, and wherever these rest upon any older formation, there 
is comjJeic unconformity between the two. With the upper Vindhyans, 
which are, in descending order, the next scries in the Peninsula of India, 
the Gondwanas have nowhere been found in contact, the area occupied 
by the former being outside that to which the latter arc restricted, Imt 
up] 3 cr Vindhyan pebbles are occasionally found in Gondwana rocks. The 
Talehir and Damuda formations in the country south of Nagpiir, on the 
Godavari below Sironeha, and in the Mahanadi valley near Sambalpun 
occasionally rest unconformably upon strata belonging to the lower Vin- 
dhyan series, but in general the Gondwana beds arc found to have been 
deposited upon metamorphic rocks. 

On the other hand, the rocks of the Gondwdna series are but rarely 
covered at all by a higher formation, except in the Narbada valley and 
the Nagp6r countiy, where the Deccan traps and their associated in- 
fratrajjpean formation, the Lameta group, rest unconformably upon the 
various sub-divisions of the Gondwdna scries from the lowest to the 
highest. There are, however, localities in India in which sedimentary 
formations of cretaceous age rest upon upper Gondwana beds. The 
first of these is in Cutch (Kach or Kachh), where the Umia (Oomia) 
group, containing some fossil plants found also in the uppermost Gond- 
wana beds in the Narbada valley, underlies a stratum containing Cephalo- 
poda of upper neocomian (Aptian) age. The second is in the Narbada 
valley near Burwai, where Bagh beds (upper greensand or Cenomanian) 
rest unconformably on representatives of the Mahfideva formation (upper 
GondwA,na) . The remaining two localities are near the east coast ; one 
is in Southern India, at Xltatur noHh of Trichinopoly, where the plant 
beds containing R4jmahal fossils underlie the Utatur (Cenomanian) 
group, unconformably in places, but elsewhere with apparent conformity ; 
and lastly near Ellore. Here also the upper Gondwdna beds contain Rdj- 
mahdl plants, and marine fossils of upper Jurassic age occur in the higher 
layers, whilst the age of the strata resting unconformably upon the Gond- 
wana strata is not equally well defined ; the overlying beds consist of two 
fossiliferous bands, one underlying a flow of basalt, believed to belong 
to the Deccan trap series, the other interstratified between the lower 
basaltic flow and a higher one. The igneous beds, like the Deccan traps 
elsewhere, are believed to l>e of upper cretaceous age, but the fossils in 
the upjjer or intertrappean bed differ from those in the lower or iufra- 
trappean, and it has not hitherto been j)racti(*able to refer eitlier to a 
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definite horizon. Neither bed^ however, can be older than upper cre- 
taceous. 

Correlation with geological sequence in Europe and 
other countries. — The attempt to correlate the Gondw^na series with 
tlui typi(‘al se(jii(‘nce of sedimentary formations in Europe has proved 
a long and difficult undertaking, and cannot even now be considered as 
definitely decided, although some light has been thrown upon it by the 
r(‘searches of Dr. Peisi-mantel, who is engaged in examining the fossil 
plants from the different Indian grou])s. He ascribes to the whole series 
an age ranging from lower trias or Bunter (Taleliir and Damtfda) to 
middle jnrassic or Bathonian (Jabalpur and TJmia). His determinations, 
h()wcv(T, being founded exclusively on a. comparison of the Gondwana 
fossil })lMnt.s with tliose of Euro])oan formations, are very frequently 
op])osed by other fossil evidence. The Umia beds of Cuteh, for instance*, 
the fiom of which is considered by Dr. Eeistmantel of the same age as 
that of tlui Jabalj)iir gioup, which is the highest Gondwana sub-division, 
contains several plants found also in the lower oolites of Yorkshire, but 
the Cephalopoda of the mariiuj lK.‘ds which immediately uixlerlie the Umia 
plant h(*ds, and ai'c to some extent interst ratified, have l)een shewn by 
Dr. Waagen to be n})j)errnost Oolite (Portland and Tithonian) forms, and to 
be separated by two distinct groups of l)eds, each with a well-marked 
fauna, from the umlerlyiiig strata in which hnver oolitic Cephalopoda occur. 
In the Damudas and tlieir rcj)n*sentatives, on the other hand, although a 
few fossil plants are allied to triassie sjHJcies, siweral of the most almiidant 
and eharact eristic forms are unknown in the trias of Europe, but are 
represented by tlie same or n(*arly allied ])lants in the coal measures of 
Australia, the low(*r portion of which is certainly of carboniferous age. ‘ 

Contradictory evidence.— It is probal>le that the exact relation of 
the different groups composing the Gondwaim series to nx-ks contain- 
ing a similar flora in EurojH? and in other parts of the world will never 
be satisfactorily determined until the geology of the intervening regions 
is better known. As an example of the difficulties presented in the 
present state of our knowledge by the contradictory evidence afforded by 
the fossils of one group, the case of the Kota-Maleri beds may be cited. * 
The Kota l)eds consist of limestone, and contain remains of fish which have 
a liassic facies. The Maleri (or Maledi) beds have yielded two reptiles, 
llyperodapedm and ParasuchnSy and a fish, Ceratodus, all of which are 
closely allied to European triassie forms. In these Maleri beds, some 

’ For some nilditional details see p. 119. Farther information as to the age of Gond- 
naiia biMls wiU be found in Mem. G. S. L, Vol. II, p, 299; Vol. HI. p. 197; Records 
(i. S. I.. IX and X, &t‘., &c. ; and Q. J. G. S., 1855, p. 345 ; 1857, p. 326 ; and 1875, p. 519. 

* For further details see pp. 151-156. 
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plants have been obtained common to the Jabalpur and Srii>ermaiur groups, 
the flora of the former of which has been shewn to be in part identical 
with that, of the Umia grouj) of Ciiteh. The singularly contradictory 
evidence of age afforded by this Umia flora has already been mentioned. 
The Kota beds, with their liassic fish, have now been shewn to be so 
closely connected with the Maleri clays and sandstones, (containing triassic 
reptiles and fish, and jurassic plants, that both are classed in the same 
group. 

Ancient zoological and botanical regions.— Assuming that 
the association of similar marine forms in the rocks of distant countries — 
for instance, in the cjirbonifcrous limestone of Europe, the Punjab in India, 
and Australia. — implies that the rocks are of con tern poran(‘ons or imarly 
trontemporaneous origin, the remarkable combination of fossils in the Kota- 
Maleri beds appears to shew that, in mesozoie times, there was a A\nder 
diversity in the forms of terrestrial life inhabiting distant regions at any 
given period, than there was in the faunas of the surrounding seas. This 
view is in accordance with the very similar conditions now found pre- 
vailing upon the eartlPs surface, there being a much greater difference 
between the tcirrestrial faunas and floras of Africa, Australia, and America, 
for instanet?, than there is between the animals inhabiting the Atlantic, 
Indian, and Paeifle Oceans. It is a common eirciim stance, moreover, to 
discover fossil remains of animals without any living reprt'senbitivcs in 
iieighlKmring lands, but which are nearly allied to forms still existing in 
distant countries. Thus extinct genera of lemurs are found in the oldiir 
lertiaric^ of Europe and North America, whilst the living forms of the 
order are restricted to Africa, Madagascar, South-East(jrn Asia, and the 
Malay Archipelago. The genus Ceratodm, also, which is not rare in the 
older mesozoie strata of Europe, and the oceurrenee of which at Maleri 
has just been mentioned, has recently been found represented by living 
siKJcies in Australia. There a])pcar, in short, good reasons for believing 
that the terrestrial area of the world was divided into Z(K>logieal and 
botanical regions in past time, as it is at present, and the fauna and flora of 
India may have differed, at times, more from tliose tljcn existing in dis- 
tant eountrics, than irom the animals or plants which prevailetl in the 
same distant regions at a different geological epoch. 

Value of palaeo-botanical evidence.— At the same time, al- 
though it is unsafe to consider Indian formations of eontempomneous 
origin with those found in other countries on the evidence of tlieir terrestrial 
flora or fauna alone, the remains of plants furnish most valuable evidence 
as to the representation of different groups by each other within the Indian 
area, because it is reasonable to suppose that the range in time of each 
species and genus in neighbouring countries was nearly the same. It is 
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< oiisequently reasonable and safe to refer the Kota-Maleri beds to the same 
ap])roximate horizon as the Jabalpur group, or to a slightly lower position, 
corresponding to that of the Sripermatur beds, although it is not 
safe to refer the Kota-Maleri group to the lower oolites on account 
of its j)laTit remains, to the trias on the strength of its reptiles, or to 
the lias, because of the fish it contains. 

It sliould, however, not be forgotten that plant remains are usually 
fragmentary, and they are but rarely so well preserved or so character- 
isi ic as remains of animals. The most important portions of the plant — 
those connected with fructification — are usually wanting, and the leaves 
and stems, which arc most commonly found fossil, are far less character- 
istic, both because those belonging to different species or genera and 
even to different orders resemble each other closely in many cases, and 
also because leaves and stems are liable to great variation even in 
different parts of the same plant. A single fairly preserved molluscan 
shell, especially a Brachiopod or a chambered Cephalopod, one cup of 
a coral, or the test of an Echinoderm, and frequently a single tooth or 
bone of a fish, reptile or mammal, affords far safer indication of affini- 
ties than t;hc leaf of a j)hanerogamous plant or the barren frond of a 
fern, however well preserved. But in all cases of this kind evidence is 
cumulative, and the j^robabilities in favour of identification increase in 
geometrical proportion with the number of forms. If one leaf or stem 
be found which appears to be the same as a species found elsewhere, we 
may fairly susj)cnd our judgment, but our confidence in the identification 
increases rapidly when several leaves, for instance, belonging to different 
genera, found together in one formation, correspond closely to forms 
similarly associated in beds at a distance. 

Probable range of Gondwana system from permian to 
upper Jurassic. — Some details of the flora and fauna will be given witli 
ihe general descriptions of the different groups. Taking the whole evi- 
dence into consideration, different writers on the affinities of the lowest 
Gondwana beds have assigned these formations to various epochs from 
carboniferous to lower triassic, and the highest Gondwdnas have altcr- 
nati'ly been assigned to lower oolite and wcalden. The truth may very 
probably lie between the two extreme opinions in each case. A slight, 
but very valuable, suggestion has been founded ' on the evidence of 
ici‘ action at the base of the whole Gondwana system, and on similar 
evidence in other countries, and especially in England, in rocks belong- 
ing to the ])ermian period. Assuming, as it is perfectly justifiable 
to do, after the enormous accumulation of evidence now available, that 
the whole world has, in late geological times, passed through a cold 
period, it is not unreasonable to suppose that similar epochs of diminished 
» 11. F. blttulovd, Q. .1. G. S., 1875, Vol. XXXI, p. 528, &c. 
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temperature have recurred in past ages^ and that one of these eras 
of glacial conditions coincided with the permian age. The singular 
poverty in organic life of the permian and lower triassic rocks through- 
out many parts of the world, and the extensive change which took place 
about this period in the fauna and flora, may be due, in pai*t at least, 
to the occurrence of a great diminution in the temperature of the earth ^s 
surface. With this additional suggestion to sui)j)ort it, the reference 
of the lowest Gondwana strata to the permian epoch appears to agree 
better with the existing state of knowledge than any other, and it will 
be equally safe to class the Umia beds of Cutch as upper jurassic, the 
uppermost true Gondwana beds of Jabalpur being perliaps a little 
older. But it must not be considered that this determination of the 
age of the Gondwana series is final, for additional evidence may, and 
very probably will, lead to modifications. At present it is only practi- 
cable to select, from amongst a number of conflicting views, those which 
appear least in discordance with the evidence hitherto obtained. 

Origin of Gondwana basins and their relations to existing 
valleys. — The manner in which the areas of Gondwana rocks are distri- 
buted throughout the country is peculiar, and there is still some diflTer- 
ence of opinion concerning the interpretation to be placed on their 
mode of occurrence. As a general rule, these rocks arc found occupying 
basin-shai)od depressions in the older formations, and such depressions 
sometimes, though not always, nor even generally, con’esiK)nd to the 
existing river valleys. Occasionally the basins of Gondwana beds are 
scattered over the surface of the country, as in Birbhum (Beerbhoom), 
and in this case there can be no doubt of their representing the undenuded 
remains of strata which were once continuous over a much larger area. 
Whether the basins now remaining owe their preservation to disturbance 
of their originally horizontal position, and to their hjwing been pre- 
served from denudation through having sunk to a lower level tlian 
neighbouring portions of the same b(»d, or whcth(T they were originally 
dei)osited in hollows in the older beds, is a ])oint on which opinions differ. 
There can be no <iuestion that the former is the explanation of these 
basins having been preserved in some instances; but cases may also be 
cited in favour of the latter view, and it is certain that the Gondwfina 
beds were originally deposited on au uneven surface. 

A few instances will suffice to shew the phenomena presented in 
the Damfida valley in Western Bengal, where some of the most import- 
ant and best known Gondwana coal fields occur. A numlxir of detached 
liasins are found, all in low ground, on the banks of the river, and all 
presenting the very remarkable peculiarities that the lowest groups 
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c oiiscqueritly reasonable and safe to refer the Kota-Maleri beds to the same 
apjiroximate horizon as the Jabalpur group, or to a slightly lower position, 
corresponding to that of the Sripermatur beds, although it is not 
safe to refer the Kota-Maleri group to the lower oolites on account 
of its j)lant remains, to the trias on the strength of its reptiles, or to 
the lias, because of the fish it contains. 

It should, however, not be forgotten that plant remains are usually 
fragmentary, and they are but rarely so well preserved or so character- 
istic as remains of animals. The most important portions of the plant — 
those connected with fructification — are usually wanting, and the leaves 
and stems, which are most commonly found fossil, are far less character- 
istic, both because those belonging to different species or genera and 
even to different orders resemble each other closely in many cases, and 
also because leaves and stems are liable to great variation even in 
diffcrcnl- parts of the same plant. A single fairly preserved molluscan 
shell, especially a Brachiopod or a chambered Cephalopod, one cup of 
a coral, or the test of an Echi noderm, and frequently a single tooth or 
bone of a fish, reptile or mammal, affords far safer indication of affini- 
ties than the leaf of a phanerogamous plant or the baiTcn frond of a 
fern, however well preserved. But in all cases of this kind evidence is 
cumulative, and the i)robabilities in favour of identification increase in 
geometrical proportion with the number of forms. If one leaf or stem 
be found which api)cars to be the same as a species found elsewhere, wo 
may fairly sus}>end our judgment, but our confidence in the identification 
increases rapidly when several leaves, for instance, belonging to different 
genera, found together in one formation, correspond closely to foi-ins 
similarly associated in beds at a distance. 

Probable range of Qondwana system from permian to 
upper Jurassic. — Some details of the flora and fauna will he given with 
the general deseriptioTis of the different groups. 7\iking the whole evi- 
dence into consideration, different writers on the affinities of the lowest 
Gondwdna beds have assigned these formations to various epochs from 
carbon ili'rous to lower triassic, and the highest Gondwanas have alter- 
nately been assigned to lower oolite and wealden. The truth may very 
jwohahly li(* between the two extreme opinions in each case. A slight, 
hut very valuable, suggestion has Ix'cn founded * on the evidence of 
ice aetioii at the base of the whole Gondwana system, and on similar 
(‘vidence in other countries, and especially in England, in rocks belong- 
ing to the permian period. Assuming, as it is perfectly justifiable 
to do, after the enormous accumulation of evidence now available, that 
the whoh* world has, in late geological times, i)asscd through a cold 
period, it is not unreasonable to suppose that, similar epochs of diminished 
» 11. F. Ulaufora, Q. J. G, S., 1875, Vol. XXXI. p. 528, &c. 
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temperaliure have recurred in past ages^ and that one of these eras 
of glacial conditions coincided with the permian age. The singular 
poverty in organic life of the permian and lower triassic rocks through- 
out many parts of the world, and the extensive change which took place 
about this period in the fauna and flora, mjjy be due, in part at least, 
to the occurrence of a great diminution in the temperature of the earth^s 
surface. With this additional suggestion to support it, the reference 
of the lowest Gondwana strata to the permian epocli appears to agree 
better with the existing state of knowledge than any other, and it will 
be ecjually safe to class the Uniia beds of Cvitcih as upper Jurassic, the 
uppermost true Gondwana beds of Jabalpur being perhaps a little 
older. But it must not be considered that this determination of the 
age of the Gondwana series is final, for twlditional evidenee may, and 
very probably will, lead to modifications. At present it is only practi- 
cable to select, from amongst a number of conflicting views, those which 
appear least in discordance with the evidenee hithcHo obtained. 

Origin of Gk)ndwana basins and their relations to existing 
valleys. — The manner in wliich the areas of Gondwana rocks are distri- 
buted throughout the country is peculiar, and there is still some diflTer- 
ence of opinion concerning the interpretation to be placed on their 
mode of occurrence. As a gcneml rule, these rocks arc found occupying 
basin-shapcnl depressions in the older formations, and such depressions 
sometimes, tliough not always, nor even generally, corresixmd to the 
(existing river valleys. Occasionally the basins of Gondwana beds are 
scattered over the surface of the country, as in Birbhum (Beerbhoom), 
and in this case there can be no doubt of their representing the undenuded 
remains of strata which were once continuous over a much larger area. 
Whether the basins now remaining owe their pioservation to disturbance 
of their originally horizontal position, and to their having been pre- 
served from denudation through having sunk to a lower level than 
neighbouring portions of the same bed, or whether they were originally 
dej)osited in hollows in the older beds, is a point on which oj)iiiions differ. 
There can be no (pujstioii that the fornuir is the explanation of these 
basins having been preserved in some instances ; but cases may also be 
cited in fa vour of the latter view, and it is certain that the Gondwana 
beds were originally deposited on an uneven surface. 

A few instances will suffice to shew the phenomeim presented in 
the Dam6da valley in Western Bengal, where some of the most import- 
ant and best known Gondwana coal fields occur. A number of detached 
basins are found, all in low ground, on the banks of the river, and all 
presenting the very remarkable peculiarities that the lowest groups 
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appear on the iiortlierii side of the basin, that there is a general dip from 
noj'th to south, and tliat all are cut off al)rii])tly on the southern edge, 
whielj is in most eases along a straight or nearly straight line. Similar 
geological relations exist in many other areas, although the beds arc not 
always, as in tluj Damuda area, confined to the valley of a single river. 
IMius, in the great basin of South llc^wah and Sirgrija, again in the Sat- 
pura- ar(*a, and esi)eeially in the Tfilehir fitdd in Orissa, the rocks dip from 
oiKj side of the basin, and are cut off on the other; but in all these cases 
the genei-al dip is north, not south, and the beds are abru])tly cut off' 
along the northern border. The exact direction of the abrupt east and 
west l)Oundaries vary, but they are always the same, or ni?arly the 
same, tliroughout (‘ach tracts of country : that is to say, the houndaries of 
different liidds are parallel to each other, and th(*y are also, as a rule, 
identical in direction with the foliation of the underlying gneiss. In 
some cases, and (;sj)ecially in the northern part of the great area which 
occupies so large a portion of the Goddvari valley, both houndaries, which, 
in the last-named ease, run nearly north-west to south-east, are straight, 
nearly parallel and abrni)t. 

Tliese al>rupt l)oundaries are almost invariably accompanied by con- 
siderable disturbance of the beds in their neighbourhood. In some eases 
there is strong evidence that such boundaries are great faults, one of the 
best proofs being that the fault oeeasionally divides, as along the north- 
ern edge of the Talchir lield, and beds belonging to tlio lowest group 
are exjiosed between the dilTerent suh-divisions of the main dislocation; 
the lowest Ciondwana group (the Tklchir in the instance meutionod) 
being faulted against Kiimlhi beds, much higher in the Gondwana series, 
on owe side, and against m eta mor])] lies on the other. In some eases, as 
along tlie houndary of the 'l alehir held, and also on the eastern jiortioii 
of the northern boundary in the Sohagpur held, the line of fault is 
marked by a breccia, containing fragments of the Gondwana sandstones. 
It is considtu’cd by several of the Geological Survey that all tlio holds 
which arc bounded by an abrupt line cutting them off on one or both 
sides (and these, as will be seen, comprise a very large majority of the 
basins known) occupy areas of dcjiression produced, subsequently to the 
deposition of the beds, by a great fault along the abrupt lioundary. It is 
furtlier urged that the i>rt*sent coiineetion of existing river valleys with 
these Gondwana areas dejiends upon the fact that the Gondwana rocks 
being mueli softer than the Yindhyan, transition, or metamoqihie beds 
u]H>n which they rest, the rivers have worn their way through the easiest 
channel ; that, in short, the existing drainage, so far as it coincides 
with the distribution of the Gondwana rocks, has been determined by 
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the disposition of those rocks produced by disturbance and denudation, 
and has no necessary connection with their original areas of de])osition. 

A different view is held by others. They consider tliat there is, 
with a few exceptions, no suflieient evidence of faulting, that the ap- 
pearance of straightness in the boundaries is partly fallacious and due to 
the rocks being ill seen at the surface, that the abru])t boundaries are 
caused by the deposition of the Gondwana rocks against cliffs forming the 
original sides of river valleys, and that the present disposition of the beds 
is a close approximation to that, of the original areas in which they were 
deposited. They espeidally point out that in one instance, in the Satpura 
area, Gondwana ro(‘ks overlap the abrupt boundary in places. They con- 
sider further that the vertical develo])ment of the different groups 
varies so much within small distances, that there is no reason to believe 
that any great thickness of beds abuts against the abru])t cliffMike 
boundaries, and that there is evidence in some eases that the different 
groups thin out towards tlie margins of the existing basins. They con- 
clude that the present river valleys differ but little from those which 
existed in mesozoic times. 

It is ])ossible that there may be some truth in both views. It 
shovdd be remembered that the conflict of o])inioii in this east; is between 
obscrv(‘rs, who have chiefly lu^cn engaged in mapping widely-separated 
regions, the uniformitarian view, that the pres(*nt basins elostdy eori*espond 
to ancient areas of deposition, being su))])orted chiefly by ol)servations 
iruule in the Sou and Narbada valleys, and the opposite opinion, that the 
present Gondwana basins are chiefly due to faulting, being held by geolo- 
gists who have cs])oeially studied the Gondwana rocks of Bengal, Orissa, 
and ihe Godavari valley. It is possildc that there may be a difference 
in respect to the amount of disturbance undergone between the upper 
and lower Gondwana series : such a difference has been shewn, on very 
good evidence, to exist in Western Bengal, where trap dykes, supposed, 
with great, probability, to be of upper Gondwana age, arc newer than 
the dislocations aff'ecting the lower Gondwana beds ; and it is by no 
means improbal)le that a similar disturbance may have affected the lower 
members of the Goiidwana system in other parts of India before the 
deposition of the uppermost groups. The sti’ongest arguments against 
the existence of faults along the abrupt boundaries of the various 
Gondwana fields is founded on the fac;t, that in the Satpfira field to the 
south of the Narbada valley certain of the uppermost Gondwdna beds 
overlap the boundary ; but this may be due to the circumstance that 
tlie supposed line of fault, which cuts off the field on the northward 
throughout the great(‘r portion of its extent, is more ancient than the 
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topmost groups of the Gondwana series. One important observation in 
favour of the basins in the Damdda valley in Western Bengal having 
been disturbed and depressed to their present level subsequently to the 
period of their deposition, or, conversely, of the continuation of the 
same beds having been raised to a higher elevation, is to be found in the 
presence of Talchir and Damdda beds on the Hazdribagh table-land, im- 
mediately north of the Damtida valley, at a height of about one thou- 
sand feet above the surface of the same rocks in the valley itself, and in 
the existence of fragments, apparently derived from lower Gondwdna beds, 
in a conglomerate at a similar or higher elevation on the Chutia Nagpur 
highland to the southward. Some of the abrupt boundaries to the south of 
the Gondwdna basins in the Damuda valley, and especially the southern 
margin of the Karanpura and Bokaro fields, arc shewn to be long lines of 
fault by independent evidence, which will be mentioned in the descriptions 
of those areas. Another difficulty in the way of tulmitting that the abrupt 
boundaries of the Damuda fields are due to deposition against inland 
cliffs is to be found in tlui improbability that all such precii)ices should 
be found on one side of a river valley — ^the south in this instance, — ai»d 
none on the northern bank. It may be questioned whether anywhere 
amongst gneissose rocks such a series of straight and parallel cliffs can be 
found as must be supposed to have existed in the Gondwana epoch, along 
the southern side of the Damuda valley, if the abrupt southern boundaries 
of the various tields are to be explained otherwise than by* faulting. At 
Wn) same time, it is possible that the extent of the faults may have been 
unintentionally exaggerated by the surveyors who ma]»pcd the coal-fields, 
and that, owing to iricgularities in the thickness of the various grou])s, 
tljc whole vej*ti(^a] exh;nt of the beds, at any particular locality, may be 
hiss than was at first supposed. In the descriptions of the different 
fields to be given in subsequent pages, the views of the original de- 
scribers will, io a great extent, be followed ; but it must be understood 
that, tliesc views are not universally conceded, and that further exam- 
ination of the ground may cause a considerable modification of the 
0]>inions hitherto held.^ 

Surface of Gondwana areas. — The tracts of country occupied by 
rocks of the Gondwana series are, as a rule, covered with a poor siindy soil 


* It should, pcrlijijis, In* statud that the two authors of the present Maiiuul hold dijffereiit 
views ill this mutter ; Mr. Medlie.ott helieviiig that tht» present hasiiis upproxiniate closely 
ill form to the original river valleys, whilst Mr. Bhiuford thinks that the present Gondwana 
areas an* reniiiants of more extensive deposits prcserveil from denudation through being let 
down by faults. Uoth agree in considering that the Gondwana beds were originally river- 
deposits. 
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and ill suited for cultivation. The result is that in many parts of India 
they form wild uninhabited forests. Such tracts are always the last to 
be surveyed topographically, and, as a rule, minor details are omitted on 
the maps prepared. The upper Gondwdna rocks are principally sandstones, 
and decompose into loose sand, which covers the whole surface of the 
country and greatly conceals the rocks. These two circumstances— 
deficiency of maps and concealment of the surface — ^liave combined to 
delay the Geological Survey of the important Gondwana formations, and 
to render the examination of the beds exceptionally tedious and difficult. 

Division of the Gondwana system into groups.— The groups 
of which the Gondwfina system is compostul vary greatly boili in number 
and mineral character in the several isolated areas in \vliich tliey arc found, 
the variation being much greater amongst the middle and upper than 
amongst the lower members of the series. The two lowest Gondwana 
groups, Talchir and Barakar, preserve their mineral character almost 
unchanged throughout the area in which the lower Gondwana beds are 
known to occur. The inferior sub-divisions of the system, the Talehirs 
and Damudas, consist lai’gely of shales, whilst tluj uj)i)crmost formations 
are cliiefly composed of coarse sandstone, gi*it, and conglomerate. 

The system may be divided into an upper and a lower seri(?s ; the Talchir, 
llamuda, and Panchet groups, with their e(|uivalents, being refiTred to the 
hitter ; the llajmahal, Mahadeva, and J alialjmr to tlui former. The distinc- 
tion is generally marked paheontologically by the prevalence of ecpii setaceous 
j)lants in the lower sub-division, and of cycads and conifers in the U])per,^ 
ferns I)eing found eommonly in both. Some Kqnifietaccre occur, however, 
in the iij)per Goiidwunas, and several sjiccies of cyeads and coiiifcirs in the 
lower, but the giaicra are in most Ciises distinct in the two subdivisions. 

In consequence of the variation which is exhibited by the members 
of this system, it is necessary to descfrihc, in some detail, the eharaeters 
presented in the different areas in which it is rei^reseiited. This is also 
rendered desiralde hy the economic iinportaiice of the Damiida group, 
from which nearly all the coal extracted in India is obtaiiuid. The 
attention of the Geological Survey has, from its first commencement, been 
es])ecially directed to the coaJ-j>rodueing beds and their asso(;iates, and, in 
consequence, a large number of the coal-fields have been carefully and 
systematically surveyed. 

Before proceeding to these details, however, it will l)eus(‘ful to describe 
the groups, and to explain their names. Tlu^ following table shews the 
principal groups represented in each ama, and their representation of each 
other so far as their connections have hitherto been traced. 

^ Muliadcva formation has, however, hitherto proved iilniont unfonailiferons. 
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In procecdini' briefly to consider these groups in detail^ it is more 
convenient to commence with the oldest. 

I. — LOWES aONDWANA OEOUPS. 

Talchir. — ^This group, whieh everywhere when present — and it is 
rarely absent over a large area — forms the base of the Gondwana series, 
was thus named from its having been first clearly distinguished in the 
small district of Talchir,^ one of the tributary mahals of Orissa. 

Composition and petrology.— The Talchir group consists in general 
of fine silty shales and fine soft sandstone. The shales are usually of a 
greenish-grey or olive colour, sometimes slaty ; they are of exceedingly 
fine texture and traversed by innumerable joints, and they break up into 
minute, thin, angular fragments, sometimes elongate or acficiilar, which 
cover the surface of the ground in places. Occasionally the shales have 
a dull Indian red colour, l)ut this is not common. They are freipiently 
mentioned in the Survey reports under the name of mudstones and 
needle-shales ; not unf requently they are somewhat calcareous, and in places 
large concretionary masses of impure carbonate of lime liave been found 
amongst them. 

The most characteristic sandstones are soft, fine, and homogeneous 
in texture, composed chiefly of quartz and nmhcom posed ])ink felspar, and 
are pale greenish-grey, buff, or pale pinkish, almost of a flesh tint. They 
arc frequently rather massive, though distinctly stratilied, but they arc 
also commonly Interstratificd in thin layers with the shales. In many 
plaiies they break up on the surface, where exj)os(*d, into ]>oIygonal frag- 
ments 3 or 4 j inches in diameter; hence they have been called tesselated 
sandstones. 

These beds pass into coarser sandstones of less marked character, 
whieh arc sometimes, though rarely, conglomeratic, and which vary in 
colour. It is an almost invariable rule, contrary to what is found to be 
the case in most rocks, that in the Tah^hir group the beds of finest tiixturo, 
the sliales, are found at the base, and that tlie sandstones are higher in 
position ; the coarser sandstones, moreover, overlying those of finer texture. 
A thin coal scam has been found amongst the Talchir beds in the 
Jhilmilli field, in Sirguja, but, as a inilc, this formation is distinguished 
by the absence of coal scams, and even of carbonaceous shale. 

There are three peculiarities of the Talchir group which still require 
notice, as all of them arc of considerable importance. 

Boulder bed. — The first is the frequent occurrence, amongst the shales 
and fine sandstones, generally towards the base of the group, but very 


* Mem. G. S. I., I., p. 46. 
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frequently some hundreds of feet above the bottom^ of i>ebbles and boulders, 
always rolled and usually well rounded, varying* in size from small frag- 
ments half an inch or an inch acTOSs to huge blocks 15 feet in diameter 
and 30 tons in weight ; fragments from G inches to S feet in diameter 
lieing eommon. The disti'ibution of the boulders is moit irregular ; in 
gome parts of th(^ area oeeuj)icd by Talehir beds, none are to be found over 
many square miles of country, but generally some arc met with at in- 
t(U’vals, and o(*easiona]ly large numbers occur within a limited tract. 

In very many instances there is every probability that the boulders 
have l)ecn transported from a distance, no ro(;ks of similar character being 
found in the neighbourhood. If only one or two such cases had been 
observed, it miglit be supposed that the rock from which the blocks 
were derived had formerly (jxisted in the immediate vicinity, but had been 
removed by denudation ; the eases, however, in which there is reason to 
believe that the rounded blocks have been transported from afar are so 
numerous that the theory of denudation cjsinnot be accepted. The boulders, 
it should be remembered, arc? frequently found imbedded in the finest silt. 
It isewident that de})osition from water in rapid motion is here out of the 
question ; any stn^am which could move and round the boulders would 
have swept away the silty matrix in which they are deposited, and the only 
suggestion as to the cause of their (xjcurrencc which appears satisfactorily 
to ac(H)unt for their presence is to suppose that they have been originally 
rounded by torrents and then transporied to their final position by ground 
ice. This theoiy has received strong confirmation by the discovery of 
smootluid and scratelied surfaces on some of the large boulders found on 
the banks of the Pern River, about 10 miles west-south-west of Chanda, 
Central Provinces.' The surface of the lower Vindhyan limestone rock 
underl^u’iig the Talchire was also in this case found to be polished, scratched, 
anti grooved. 

Resemblance to volcanic rocks. — I'hc second peculiarity is the 
remarkable resemblance to a volcanic rock occasionally presented by the 
more compact forms of shale and by a variety t)f the sandstone. So great is 
the similarity between the shale and a consolidated volcanic ash that two 
ex])erienced surveyors haveatdiffei'cnt times marked the beds as trappeam 
whilst the sandstone occasionally simulates a decomposed basalt in colour 
and mode of weathering. 

Resistance to weathering. — The third noteworthy feature of the 
Tdlchir beds is their power of resisting disintegration, and, provided of 
course they are not covered by alluvial deposits derived from other rocks, 

• Oldbain, Mem. G. S. 1., IX. p. (324) ; Feddcii, Uec. G. S. I., VIII, p. 16. The queatiou 
of the origin of the Tulchir boulder bed is discussed iu the Memoirs, I, c. 
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the extreme barrenness of the ground, where they appear at the surface, is 
a natural consequence of their not decomposing to foini soil. In many 
places along the edges of the coal-fields, where theTalchir beds occupy the 
ground, it is jiossible to walk for miles through very thin jungles, free 
from grass, over a surface composed entirely of the finely comminuted 
greenish-grey shales. 

Extent and thickness. — The Tjilchirs preserve all their peculiarities 
throughout the area in which they occur ; this is an enormous tract of 
country, extending from the flanks of the liAjrnahjil hills to the Goddvari, 
and from the Raniganj field on the borders of the alluvium of Lower Ben- 
gal to the neighbourhood of Hoshangabad, Nagpur, and C'handa. 

The thickness of the Talchirs nowhere appears to ex(?eed alioiit 800 
feet, their extreme measurement wdiere fully developed in part of the 
Rdniganj coal-field. 

PalSBOntology. — The fossils^ hitherto discovered in the Till chir rocks 
arc very few in number. Of animal remains only the wing of a 
neuropterous insect and some aiinelide tracks have been discov(U'ed, whilst 
the plant remains consist of thrcic ferns, Gmigamopierh cgclopteroides ^ 
G. angiiHiifoUay and a form of Ghmopkris^ rej)resented by a single 
fragment, some equisetaceous stems, and a plant, hitherto not distinctly 
identified, resembling 'Noegg ami hia'^ hidopi. The only evidence of vegeta- 
ble life hitherto found has been in the higher beds of the group, and there 
is a remarkable absence of plants in the lower shales, which are admirably 
suited for preserving vegetable impressions. Even in the upper beds of 
the grou]) fossils arc of singularly rare occurrence. 

Probable conditions of deposition. — Reference has already been 
made to the iiossibility of a lacustrine origin for the 1 alchir beds, or at 
least for the lower portion. The chief reason for suggcisting that these 
beds may have been deposited in lakes is the great thickness of very fine 
sediment accumulated at the base of the group, and the veiy frequent 
occurrence of much finer beds bedow than above. The lattei*, on the 
hypothesis of a lacustrine origin, may Ikj explained by the gradual silting 
up of a lake basin, in which fine sediment would be deposited at a distance 
from the margin, whilst coareer beds would l>e thrown down by rivers as 
their deltas advance into the lake and fill it up. This evidencie, however, 
is quite insufficient alone to prove that the Talchirs arc a lacustrine deposit, 

^ The fossil plants occurring in this and other groups of the Gondwanu system have 
been chiefly determined by Dr. Fcistmantcl. 

* The species here and elsewhere called Noeggerathia are, in all probability, not congeneric 
with the type of that genus, a carboniferous plant. They have lately been referred U> 
Zemia by Dr. Fcistmantcl, but as this reference to a living genus is temporary, it is perhai»s 
na well for the present to jlhcscrve the original generic name. 
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and it is at least equally probalde that they were formed in a river valley 
like the overlying members of the Gondwfca scries. 

To account for the elimatal conditions which, in a tropical country, 
could ]>e consistent with the ocourrenee of winter cold sufficiently intense 
to cause the formation of ground ice, it has been suggested that the 
^1 alchir beds were formed on a lofty plateau like that of Tibet. The 
(fbi(‘f obstacle to the acceptance of this hypothesis is the difficulty of 
bcdieving that a change in elevation, sufficient to account, for the al)sence 
of all glacial conditions in the overlying Barakars, could have been 
efTected witliout a much greater amount of disturbance than has tak(ui 
place between the deposition of the two groups. The occurrence,^ in 
rocks o(;cuj)ying the same approximate position at the base of the Soiiih 
African representatives of the Gondwana series, of similar boulder beds, 
which by some writers are attril)uted to ice action,® the suggestion of 
a like origin for the breccias of the English permian rocks,^ which arc 
probably of the same age, and the j)robabiliiy that the whole globe may 
hav(‘ ]>ass(Hl ihvough a period of low temj)orature at the close of the 
j)akeozoic e])och, have already been mentioned.'* 

Karharbari Group,— Reasons for distinguishing the group — 
Hitherto, in the jmblications of the Geological Survey, the coal-bearing 
rocks of the Karharl)ari coal-field have been assigned to the Barakar 
grouj), on account of their mineral character and their ])osition im- 
mediately al)ove the Talehir beds. The examination of the Karharbari 
fossil flora has, however, shewn tliat whilst all the species, known to 
1 h> found in the Talehir beds, are rc])resented, one of them, Qantja^ 
vwpierls cf/cloplcroides, Ixung the commonest fossil of the Karliarbari 
beds, many of the common Ham uda fossils are rare or wanting, and several 
v(‘ry remarkable species arc found which have not hitherto been detected 
in tlui Damilda series. Tlic peculiar excellence of the coal and its su])e- 
riority to that obtained from the majority of the Damuda seams, have 
led to extensive mining operations in the Karharbari field, and it 
has consequently been possible to obtain good collections of the 
fossil plants.® It has also been noticed that the coal of Karhar- 

* Mom. G. S. I., IX, p. (325), 31 ; Q. J. G. S., 1875. p, 529, &c. 

* Sutherland, Q. J. G. S., 1870, p. 514; GrioKbuch. Q. J. G. S., 1871. p. 58. lly other 
writers, however, this rock is said to be voleaiiie (Q. J. G. S., 18G7, pp. 142,172) ; but it is 
diffiicult to reconcile this view with tbe account piven by Dr. Sutherland and Mr. Griesbacb 
The hitter writer suggests that two distinct roitks — a mclaphyr and the boulder bed jiropor 
— have bi'ou confoiiuded. 

» Ramsay, Q. .1. G. S., 1855, p. 185. 

Ml. F. iuanfovd, Q ,1. G. S., 1875. pp. 530, &c. 

* 'riicse have been ebiefly collci'tcd by Mr, I. .1. Wbitiy, Snporintondout of tbe East 
ludian Uailway Company’s collievies at Karburbavi. • 
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ban differs in structure from that of the Damiida series generally, and a 
partial re-examination of the field appears to justify the inference that 
there is also a slight distinction between the Karliarbari and Barakar 
sandstones, although it is as yet uncertain whether a passage may not 
eventually be found between the Karharbari group and the Barakars. 
The palaeontological evidence hitherto obtained tends, however, to connect 
the former with the Talchir group, and it appears best, for the present, to 
keep the rocks of Karharbari distinct from the overlying Damuda series, 
under the name of the coal-field in which alone they are known to occur. 

Petrology, — The rocks of the Karharbari group consist almost solely 
of sandstones, grits, and conglomerate, with scams of coal. Very 
little shale occurs, the little which exists being associated with the coal- 
seams. The sandstones arc mostly white, grey, or brown, and felspathic ; 
they are often gritty and conglomeratic from containing large fragments 
of felspar and pebbles of quartz. The chief distinction between the 
constituents of the grits and conglomerates forming the Karharbari 
group, and those which make up so large a |)ortion of the Barakars, is 
that in the former, and especially in the coarser grits and conglomerates, 
a large i)roj)ortion of the fragments of felspar and quartz are angular or 
subangular, whereas in the Barakars the pebbles are, as a rule, ])articu- 
larly well rounded. The coal of Karharbari is rather dull -coloured and 
tolerably homogeneous in structure, the layers of very bright jetty coal, 
which are so conspicuous in the Damfida seams in general, being few and 
ill-marked. So far as mining has hitherto proceeded, the coal-seams appe^ar 
to be somewhat variable in thickness, but to undergo very little change 
in composition throughout the small field in which they are found, and 
of which a description will be given on a future page. Some of the 
scams, both in the Barakar and Raniganj sub-divisions of the Damuda 
series, furnish fuel equal in quality to that extracted at Karharbari, but 
they arc much more distinctly laminated. 

Relations to Talchirs and thickness.— The Karharbari beds rest 
in apparent conformity on the Talchirs, but the former completely ovcjrlap 
the latter in jdaccs within the limits of the little Karharbari field, and 
the mineral characters of the two groups are strongly contrasted. In 
the west of the Karharbari basin the Talchirs attain a thickness of 
about 500 or 600 feet, whilst within a distance of less than 4 miles to 
the eastward, the Karharbkri beds rest upon the gneiss. It is probable 
that the highest rocks seen within the coal-field may be of Barakar 
age, and there is pomo slight appearance of the Karharbari beds 
being overlapped by these higher strata, but the overlap is not clear. 
The whole thickness of the Karharbari group is probably about 500 feet. 
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PalSBOntology. — The only fossils hitherto procured from the Karhar- 
b^ri group consist of plants. The following s])ecics have been identilied ^ : 
the most abundant are indicated by a t ; those marked thus § are found 
also in the Talchirs ; the species thus marked || in the Damiidas. 

BQUISETACEiE— 

II Vertehraria indica. — Very raiv. 

Sehizoneura, sp. near 8. merianu 

Filices— 

t Neuropteris valida, PI. VI, fig. 5.* 

§ t Gangamopteris <^clopteroides» PI. Ill, fig 1. 

§ G. angustifolia and two other species of Gangamoptens. 

II Gloasopteris communis. 

G. dccijnens. 

Sagen upltris stoliezkana . 

CyCADEACEiE — 

Glossoza mites stoliczkanus. 

II Noeggemthin (Zamia) htslopiy var. 

A". (Zamia)^ sp. 

A jaHJuliar genus, uniianied. 

CONlFElliE— 

t Voltzia heierophyllaJdX. VI, fig. 7. 

Albertia^ sp. near A. speciosa. 

The relations of this flora to tlie lower triassic or Bunter (Grh 
Ligarre) flora of Europe are very well marked. Volfzia heferop/njlla 
and Albertia speciosa are cliaracteristic Bunter species : the Karharbari 
j)lant is not specifically identical with the last form, but it ai)])ears to be 
nearly allied. The Nenropleris also belongs to a section of the genus 
with siin])ly pinnate fronds, and this section is characteristic of lower 
triassic beds in Europe. The Scltizonenm^ is said to be near S. meriani 
(Eqniselum Bgt.), an upi)er triassic species. The only other plant 

which has important affinities with members of the European fossil 
flora is G lossozamltes stoliczkanus, belonging to a genus which in Euro* 
pean strata ranges from lias to cretaceous. 

Ganga mopieris angustifolia appears to be identical with a plant 
described by Mc(^oy ^ f i*om the Newcastle coal-measures in New South 
Wales (palaeozoic) and from beds in Victoria (Australia), the age of 

* Ffistmiuitel, I?t>c. G. S. 1., IX, pj). 76, 7(5 ; X, p. 137. 

* Tlu* plnt(>8 for tlu? prosont work limi uiifortunntoly been printed before the distinction 
between the Karharbari fj^roup and tlie Daniudn series bad been recognised, and consequently 
the figures of Karharbari jdants have been mixed n]» with those of Damuda species. 

* Schizoneura gondwanensis bus been found in tlie Karharbari field in tlie uppermost 
beds (Uec. (i. S. 1., X, p. 138), but other plants since I'oiind in the same beds are Damuda 
s]u cies, and it a]>]>eai s probable that the strata in which (8. gondiranensis occurs must he 
ela >4'»1 as Uarakar. 

'* Am. Mag. Xiit. Ilisi., lSl-7, Scr. 1, XX. p. 148. — IVod. Pal. Victoria, Dec. 2, 11. XI. 



Peninsular,] 


DAMUDA SElllfiS. 


]]5 

which is not clearly determined, but which are probably lower 
mesozoic. Glosaopteris communis^ also, is allied to G> brottmlanay one 
of the characteristic fossils of the carboniferous rocks in New South 
Wales. 

It has already been stated that all the known Talchir plants are 
rej)resented in the Karharbari group. On the other hand, there are in 
the above list only three forms — GlaHHopteTiseomMuniH, Verlebraria indway 
and ^mggeraihia hislopi — common to the Dainuda flora, a nd all these appear 
to be much less abundant in the Karharbari grouj) than Gau gam op tens 
cgclopferoides. It necessarily follows that, so Far as the flora is concerned, 
the aiiinities of the Karharbari group to the Tal(*hir formation are stronger 
than to the Damiida series, because all the Talchir plants that can he 
identified are found in the Karharbari grou]), whilst only a small per- 
centage of Damiida forms a])pear to be rej>resented. 

Possible representation of group elsewhere- — "yhc discovery 

that the Karharbjiri group differs both in mineral character and fossil flora 
from the lower beds of the Damiida series is so recent that it has not been 
possible to ascertain whether any representative of the Karliarbari beds 
can be traced at the base of tbe llarakar, in the llaniganj and other 
coal-fields of the Bengal area, but the coal in a scam lying very little 
above the Talchir grouj:) in the Kaniganj field appears to resemble Kar- 
harbari coal in mineral character, and it is far from improbable that 
further research may shew the present group to have a wider distribu- 
tion than has hitherto been ascertained.^ 

Damuda series, — The economical importance of the jiresent series has 
already been noticed. Nearly all the coal-fields of the Indian Peninsula 
owe their mineral wealth to the presence of Damdda beds, the Kaliarbari 
being the only other important eoal-bcaring grou]), and the quantity of 
valuable minerals contained in the rocks of the present scries is probably 
greater than that known to occur in all the other rock groups of India 
together. The name Damuda is derived from a river in Western Bengal,® 
on the banks of which some of the richest coal-fields in the country are 
situated. 

Sub-divisions. — The Damiida -series has been found to consist in 
Bengal of three sub-divisions, known in ascending order as Barakar beds, 
Ironstone shales, and Raniganj beds. The first and lowest is also found 
in the Son, Mahanadi, Narbada, and Godavari valleys, tbe upper sub- 
divisions being represented by groups diflering in mineral character from 
the Bengal beds. In the Satpura area tbe Damuda sub-divisions are 
known as the Barakar, Motur, and Bijori groujis ; and in the Godavari 
valley, above the Barakar group, there, as in the Satpura basin, the only 
* See foot-note to p. 217. | " J. A. S. B. ]85fJ, XXV, 253. 
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eoiil -bearing formation, a sinp^le member of the upper Damiida beds occurs, 
and is known as the Kdmtlii ^oup. A similar arrangement prevails in 
ihit M ahanadi and Brahmini area, only two Damuda sub-divisions being 
found, which appcsir to correspond to those of the Godavari region. 

The mineral characters and geological relations of all these different 
grouj)s must be described se]iarately : it is sufficient for the purpose at 
present to note that all consist of sandstones and shales with more or 
less ferruginous bands, and that some contain coal. Slight uncon- 
formity between the different grouj»s lias been noticed in places, and 
tl)e Bar4kar beds arc frequently unconformable to the Talchirs. The 
whole thickness of the Darmida series is 8,400 feet in the Baniganj 
fi(^ld, and about 10,000 feet in the Satpura basin. It thus constitutes 
the most important portion of the Gondwana system. 

Palaeontology. — So far as the examination of the fossils, chiefly 
plants, obtained from the Damuda sericjs, has progressed hitherto, there 
a])])ears to be but little difference lietween the floras of the various 
gr()iij)s, several species, including most of the commonest forms, being 
certainly found both in the u])j)er and lower sub-divisions. It is therefore 
besi, to treat the palajontology of the series as a whole, to give a general 
list of the animals and i)lants hitherto recognised, which are far from 
numerous, and to treat of the affinities exhibited by the whole assemblage 
of forms to the fossil fauna and flora of other countries. The subject, 
as will be seen, is one of unusual interest and remarkable perplexity. 

Taking the series as a whole, the following is a list of the fossils 
hitherto determined from it,^ the more common and widely distributed 
forms being indicated by f, 

I 'riie following TiUoliir, Kiirliiirbari, and Damuda fossil plants arc figured on Plates 111, 
IV, V, and VI 

Plate III, fig. 1. — Gangamopteris cyclop ter olden, 

„ figs.2, 3. — Sphsnophyllum speviosum, 

fig. 4. — PhgllotJteca indica (stem). 

„ IV, fig. 1 . — Schizoneura gondwanensin, 

„ ,, 2. — Vertebraria indica, 

,, „ 3. — Schiz. gondwanensis (stem). 

„ V, figs. 1, 2, 3. — Phgllotheca indica, 

„ fig. 4 — Olossopteria indica, 

„ „ 6. — O, reiifera^ Fstm. sp. nov. 

„ „ 6. — 0,ang%tstifolia. 

„ VI, fig. 1. — Vertebraria indica, 

„ „ 2,^Sphenopieri» polymorpha. 

„ „ 3. — M acrotceniopteri^ danotoiden, 

„ „ 4. — Alethopteris Undlegana, 

„ „ 6. — Neuropteris valida. 

fi . — Noeggerathia hislopi. 

7 — Volfzia hefercphi/lfn. 
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ANIMALS. 

Cbustacea — 

Mstheria mangaliensia. 

Vebtebeata — 

Archcgosaurus ? (a Labyriiithodont amphibian). 

Brackyops laticeps (ditto). 

PLANTS. 

EQUISKTACEiE 

t Schizoneura gondwanensu. PI. IV, fijrs. 1, 3. 
t Sphenophyllum spenosum (8. trizygia^ Un^or). PI. Ill, 2, 3. 
t Phyllotheca indica, and numerous equist^taeeous stems. PI. Ill, fij;. 4. ; 
PI. V. fi-s, 1, 2, 3. 

t Vcrtehraria indica (probably ecpiisotacoous. but of somewhat doubtful 
nature). PI. IV, fig. 2 ; PI. VI, 1. 

FlLlCES — 

Actinopteris henga 1 crisis. 

Sphenopleris polymorpha* PI. VT, 2. 

BirJcsonia, sp. iu?ar I), concinna. 
t Alethopteris lindleyana . PI. VI, fi". 1. 

A. conf. whithycnsis. 

A. jdicgopteroidcs. 

Toiniopleris {^Angiojifcridium)^ sp. 
t T. {Macroticnioptcris) dan<£oi.dcs, Pl.VI, (i^. 3. 

T. ( fcddeni. 

Pahmvitlat'ia hurzi. 
t Glossrpteris hrowniana. 

t G. indica (G. hrowniana var. indica, auct.). PI. V, fi^. 4. 
t G. communis. 

G, angustifolia. PI. V, iij'. 6. 

G. leptoneura. 

G. musafoUa. 

G. stricta, and several other species of Glossopteris. 

G. retifcra, Fstin. MS. PI. V, fij^. 5, 

Sagenopteris pcdunculata {Glossopteris acaulis., McClcl.). 

S. polyphylla. 

Gangamopteris whittiana. 

G. hughesi. 

Belemn opteris woodm asoniana. 

Cycadeace^e— 

t Noeggerathia (Zamia) hislopi. PI, VI, fij;. (>. 

N.t sp. near N. vogesiaca. 

Pterophyllum hurdwancnse. 

CoNIFEBiE — 

Stems, one of which has been referred with doubt to Palissya. 

Excluding the forms from the Mdngli beds, the only animal fossil 
hitherto known from the whole series is the Archeffomuriau from tlie 
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Bijori beds of the Satpura basin, and as this has not been carefully 
compared and described, its affinities arc somewhat doubtful. 

Tlie })lant fossils have an uninistakcably mesozoic fatties, and are con- 
sidered by Dr. FeistmanteP to represent the Bunter gfroup, the lower 
sub-division of the European Trias. This view, however, was in a great 
measure founded upon the relations of the plants found in the Karhar- 
bari beds, hitherto classed as Barakars, the only form in the above list which 
is distinctly triassic being Schizorteura gondwanensisy the nearest ally of 
which is the Euroj)ean 8, paradoxa^ found in the lower trias of the 
Vosges. Other plants are allied to Euroj)ean upj)cr triassic or rhietic 
plants, as in the case of the Aciinopieris and of the Noeggeraihia^ allied to 
.V. Vogesiaca; whilst others, again, as PhglloUwcay Alethopleria lindleyana^ 
and SagenoptenSy have their nearest allies in European beds amongst 
Jurassic forms, Sagenopleru being also rhsetic. The Bkhaonia is closely 
allied to a Siberian oolitic species. Sp/ienop//yl/um, on the other hand, 
is a devonian and carboniferous genus, but the Darmida species differs 
somewhat from the European palseozoic tyjxis. NoeggemiMa hidopi 
resembles some carbonifcjrous forms almost if not quite as nearly as 
it does any mesozoic species, whilst the s])ecies of Maendreniopieru are 
related to plants found in various European formations, from permian to 
Jurassic. It is clear, liowever, that the flora as a whole, so far as it is at 
present known, has no rescmldance to any definite assemblage of plants 
found in European rocks. Ihc facies is perhaps older mesozoic, but, so 
far as can be seen, it might })e cither triassic or Jurassic. 

The chief peculiarity of the Damnda flora is the abundance of ferns 
with simple undivided fronds, and especially of the forms with anastornoz- 
ing venation, — that is, with veins forming a net- work. To this last group 
belong GlosHopUrky Ganganiopfem, Sagmopterlsy and BehmvopierUy (»om- 
prising altogether thirteen s])eciesout of the twenty-two ferns, and thirty 
species of ])lants altogether, included in the preceding list. When to the 
thirteen forms already mentioned are added the three sjK)cies of Tceniop- 
tern and one of FalmviUariay having simple fronds and parallel venation, 
the ferns with undivided leaves will be found to compose more than half 
the known flora. Nor is this all, for the genus Glossopieris especially is 
remarkable for the abundance of individuals as well as of species, 
so that it is the characteristic fern-genus of the formation. The simple- 
leaved ferns are certainly more abundant in mesozoic than in palaozoie 
rocks in Euroi)e, l)ut still they never prevail to the same extent as in the 
Dainuda series. The only plants, besides ferns, which are of common 


‘ Kec. G. S. L. IX, p. 68, Ac. ; Oeol. Ma^. 1878, p 491. 
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occurrence^ are Equisetacem^ stems of which, supposed to belong to 
Thylhtheca} and Sc/iizmenra, are met with in great abundance, whilst 
F erteb^aria, which is probably the root of an equisetaceous plant, is as 
common and characteristic as Glossopteris. Cycads and conifers are 
scarce. 

Now, although several forms of the Damuda flora have a mesozoic 
aspect, the prevalence of ferns and Eqniseiacem, and the extremely subor- 
dinate share borne by gymnosiiermous exogens, arc palaeozoic characters. 
It would be unreasonable, however, <o insist upon this i)oint, because it is 
inij)ossible to say how far the relative distribution of different classes of 
plants may have been due to climate. The important point is to call 
attention to the wide diversity between the composition of the Damuda 
flora and that found in any European formation. 

Relations to carboniferous flora of Australia.— In Australia, 
however, there is a series of plant-bearing b(ds2 which ap])car closely to 
resemble those of India in two points, the paucity of marine animal re- 
mains throughout the greater portion of the scries, and the prevalence in 
particular beds of the genus Glomjpterlsy associated, asjn India, with 
Verlefjraria and equisetaceous st ems closely resembling some of those found 
in the Indian coal-fields and referred to the genus Ehyllolheca, Ganffamop- 
terk\f^ also met with. The remarkable point is, that some of the common- 
est plant fossils of the Indian coal-fields, Glossopkris, VhyllotJieea^ and 
y ertebr aria y are also those most abundantly represented in Australia, and 
that neither Glofinoplerisy Gantjamopferisy nor Vvrfclmiria\v<x;^ hitherto been 
found in mesozoic or palaeozoic European rocks, whilst Phylloifieca is rare, 
being only known in Europe from the oolites of Italy.-’* 

The following is the succession of beds in the coal-fields of New South 
Wales, where the series appears, so far as it has been described, to be more 
complete than in other parts of Australia and Tasmania, and where 
more attention has been devoted to the rocks. 


* Dr. Feistmantcl (Rec. G, S. I. IX, p. 70 ; J. A. S. B. 1876, pt. 2, p. 347, note, &c., &c.) 
liaR referred tlie greaU*r portion of tliese stems to Svhizoneura, hut leaves of Schizo. 
neura are local, although nhiindant in certain beds near the top of the Damuda series, 
whilst the equisetaceous steins are generally distributed. It is not impossible that some, 
of these iluled stems may belong to other equisetaceous forms besides Phyllotheca and 
Schizoneura, 

2 The best general account of the New South Wales coal formations is contained in 
a paper by the Rev. W. B. Clarke, Q. J. G. S., 1861, p. 354. See also Daintree, Q. J. G. S., 
1872, p. 288, &c. ; and Clarke, Mines and Mineral Statistics of New South Wales. 

3 A species has recently been described from bods in SibcTia, said to be of Jurassic 
Bathonian) age. Heer, Flora fossilis arctica, IV, p. 43, pi IV, f. 1-7. Heer, /. c., consider 
Squiaetum laterale from the lower oolites of Yorkshire a si^ecies of Phyllotheca. 
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Gjiours. 


Fossils. 


1 , 


Wyanainattii 


beds 


^ recopteris odcnioptPToides^ 1\ tenuifolia, Odontopteris 
\ microphi/lla ; no Olossopteris in found. 


3 . 


4 . 


5 . 


Havvkesbury beds 


Upper coal-ineasuros 
of Newcastle 
w'itbout marine 
fossils. 


Lower coal-measures 
with marine 
fossils. 


Lower carbon if (tous 
or Devonian. 


{ 


I Palmmiscus and several other genera of ganoid fishes 
V with palaeozoic affinities. 

N. P.— Theidants are found in the Wyanainatta beds, the 
fish, chiefly, in the Hawkesbury group, but one 
fish is said to be common to both. 

Vecopteris odonlopleroideSf Ahthopteris australis^ SpfJie- 
nopUris alata, and several other 8]i<!cies of Sj)hcnopteris, 
Olossopteris, seireral species, especially O. browniana, 
Phplloiheca, Veiiehraria, coniferous plants, Noegffera- 
thia^ &c. UrostJienes australis, a heterocercal-tailed 
ganoid fish, allied to the carboniferous genus Pygopterus. 
Olossopteris browniana. Phyllothtca and Noeggerathia 
arc also stated to occur in these beds. Spirifer, Pro- 
ductus, Conularia, Orthoceras, Fenestella, &c., &c. 

N, B. — The marine fossils, which are typically carbonifer- 
ous forms, arc found in beds overlying and underlying 
shales and coal witli Olossopteris, &c. 

Lepidodendron nofhum, Syringodendron dichotomum (^Cy- 
closligma MUorkense), liharopteris, Spltenophyllam, &c. 


Of the carhouiferous age of the lower coa].^rneasiires, No. 4, there is 
Tio question. They are uncoiiformable to the beds No. 5, with a true 
lower carboniferous flora, but arc said to be conformable to the upjier 
coal-measures, No. 3. On the other hand, it is asserted (though not by 
Australian geologists) that there is a marked distinction between the floras 
of No. 4 and No. 3, although one species, GloHsopierh browniana, abounds 
in both, and, judging from the accounts of all Australian geologists, 
the genera of ]>lants which j)rcvail in the lower bods, No. 4, are also found 
in <he upper. No. 3. In the same manner No. 1, the Wyanainatta grouj), is 
connected with No. 3 by the j)resencc in both of Pecopteris odontop- 
teroides, precisely as the Panchet beds in India are connected with the 
Damudas by the occurrence in both of the same species of Schizotienra, 
but most of the Wyanamatta plants are distinct from those of the 
Newcastle coal-beds. 

One most important point is the occurrence throughout the upper 
beds of the New South Wales coal-field of ganoid fishes, belonging to the 
genera PulreoniscuSy CldUhrolepiSj and Myriulepis, These are characteris- 
tically palaiozoic types, although a few allied forms range into the lowest 
mesozoic rocks. But a selection of fossil fishes from the highest beds of 
the New South Wales series, the AVyanamatta group or beds immediately 
underlying it, has been examined by Sir P. Egerton, one of the highest 


* Sit fooi-miti*. p. 111. 
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living authorities, and considered by him to have a permian facies. 
At the same time, the curious case of the Kota-Maleri beds shews that 
even remains of fish, characteristic as they usually are, are not conclu- 
sive proof of exact age. 

The greatest amount of similarity exists between the' Damuda beds 
and the upper or Newcastle coal-measures of New South Wales, No. 3. 
The latter contain several species of Glossopleris, AleUopfmft, Sphetiopteris, 
Ph/llotheca, Vertehraria, and Noegge^aihia^ closely allied to the forms 
found in the Damuda beds. Hitherto no Damuda j)lants are known 
to occur in the Wyanamatta and Ilawkesbury beds \ on the other hand, 
the genera of plants said to be found in the lower coal-measures 
of New South Wales, Glossopterisy Phi/llotheca, and Nocggeralhiay are 
also found abundantly in the Damudas of India, and one species at least — 
Glossopteris hrowniana — is common to the two; but the other Australian 
fossils have not hitherto been examined in sufficient detail to enable their 
relations to be determined with certainty. 

This much, however, is certain, that the whole fossil flora of the 
Australian beds, with the cxcef)tion of the lower carboniferous or devo- 
nian flora No. 5, has just as distinctively a mesozoic facies, when compared 
with European plant fossils, as has the flora of the Damudas and other 
lower Gondwana groups of India, and that the plants of the beds inter- 

1 Q. J. G. S. 186<b XX, p. 1, and Mines and Mineral Statistics, 1875, p. 17(5. Tn several 
papers published by Dr. Feistmantel for the purpose of proving that the Damuda beds are 
triassic, some of the South Australian plant beds are noticiKl as clearly mesozoic. None of 
these beds — not even the asserted jurassic strata of Victoria — are known to be newer than 
the Wyanamatta group of New South Wales, and the animal remains in tho latter are 
pilujozoic. In fact, except tlic plants, there is little or no evidence to shew that any of the 
Australian plant-bearing beds, except one group in Queensland, arc mesozoic, and many 
palax)ntologistsare disposed to doubt the value of plant evidence when opposed to thi^ clue to 
age afforded by animal remains. It is highly probable tlint some of the upper Australian plant 
beds arc ctmtemporaneous with the lower mesozoic of Europe, and it is almost c(;rtain that the 
Newcastle beds of New South Wales with their equivalents in Tasmania and elsewhere must 
be classed as palmozoic. This, at least, api)cars the most 2)robabh5 view, and it has com- 
mended itself to some of the best European geologists. To assert, as some writers have 
done, that various Australian forms of pluTits — e. y., Vertebraria and Phgllolheoa — arc 
found in typically mesozoic beds, is to beg the que.stion at issue. 

The important fact is this : Of the fossils from the U2)per and lower coahmeasures of 
New South Wales, Nos. 3 and 4 of the above list, which, by the testimony of numinous 
competent observers, are i)erfcctly confomiabh; and contain a V(‘ry similar llora, only a few 
forms arc sufficiently known for comparison. Of these few forms a large percentage — 
certainly more than one-half— arc cither identical with Damuda species or closely allied. 
There is no such connection between the flora of the Damuda and that of any European 
formation whatever. There is, however, a similar connection between the flora of the South 
African Karoo beds and the plants of both the Damlidns in India and the Newcastle beds in 
Australia. 
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stratified with the carboniferous marine fossils have been classed as 
mesozoic and even as Jurassic by eminent pateo-botanists, and this so 
positively that the observations of the gfeologists, to whofli we are 
indebted for our knowledg’e of the Australian rocks, was doubted for years 
until confirmed by the repeated testimony of several independent ob- 
servers. On the other hand, the whole fauna of the Australian beds, so far 
as it is known, from the Wyanamatta beds down, is palaeozoic. The 
curious fact of the intercalation in Australia of beds containing* a meso- 
zoic flora with marine strata abounding in carboniferous mollusca serves 
to show how much caution must be used in forming conclusions as to the 
age of beds from plant fossils alone, and this argument is especially 
applicable to the Damn da rocks of India, the flora of which has so re- 
markable a rescmldancc to that of the Australian beds. 

Another reason for caution in coming to a conclusion from palsBo- 
botanical evidence as to the age of the Damiida beds, is to be found in 
the very remarkable circumstance that whereas their flora agrees best 
with that found in the ui)per palseozoic rocks of Australia, the plants 
found in the underlying Karharbari beds comprise more forms com- 
mon to the lower triassic flora of Europe than the Damuda beds contain. 
A somewhat similar anomaly, although on a far smaller scale, is to 
be seen in the triassic deposits of Central Europe : the St. Cassian 
beds, containing several representatives of palaeozoic generic types, are 
considered, by the geologists who have described them, newer than 
the Muschclkalk, in which no palaeozoic genera occur. Such ano- 
malies are proliably due to the migration of a fauna or flora from one 
region to another, and to the persistence of peculiar forms in isolated 
regions. 

Relations to Karoo series of South Africa.— Some of the 
peculiar genera of plant fossils of the Indian coal-fields have also been found 
in China on the one hand and South Afrdca on the other, but no detailed 
descriptions of the rocks in the former country have hitherto been pub- 
lishcd,' whilst the flora of the South African formation is but imperfectly 
known, and sufEcrs from the same disadvantage as in India, the absence 
of marine fossils as a guide to its age. Nevertheless, the relations of 
the South African rocks to the Gondwana series in India are so 
remarkable that a brief notice of the former is necessary. The probable 
representation of the Talchir boulder bed by a breccia apparently of 
glacial origin at the base of the Karoo beds of South Africa has already 
been mentioned. 


^ A full account by Baron P. von Hichthofen is expected shortly. 
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The following is the succession* of lower secondary strata in Southern 
Africa, the lowest beds being very probably upper palseozoic 

UiTENHAOE Fobmation — Jurassic. 

Kaboo Sekiks— • 

1. Storm borg beds : OlossopteriSf Dicynodon^ <fec. 

2. Beaufort beds: O lossopleri-s brotoniana, G, snthcflandif Dictyopteris ? 

simplex, Ruhidgea macJcayi, Phyllotheea, species of Dicynodon, 
Oudenodon, Cynochampsa, Qalesaurus, and numerous other reptiles, 
a labyriuthodont^amphibian, Micropholis stoioii, and Palisoniseus, 

3. Koonap beds. 

4. Ecca beds : These include the great breccia already notictnl. Some plants 

resembling those in the Beaufort beds are said to occur. 

It will be seen that, small as the flora is, it is very similar to that of 
the DamMa series. One species, Glossopteris hrowmana, is identical, not 
only, with the Indian, but with the Australian form. 6r. suiJtcrlandi is a 
narrow-leaved species like the Indian and Australian angnstlfoUa and 
Dlctyopferis ? mnplex appears also to be a G lo-uop/enfi nwA resembles some 
Indian forms. Pnhidgea is apparently very closely allied to the Damilda 
Palmoviltaria, The flora consists of ferns and Kqnisclacem. Nor is this all. 
The Dicyiuxlonts are not represented in the Dami'ida rocks, but two species 
are found in the overlying Panchets, and MkrophoUs Hfowii is a near 
ally of Brachiops laticeps from the Kamthi beds of Mangli. 

Lastly, in the IJ i ten hage formation is found a flora closely resem- 
bling that of the upper Gondwkna beds, and containing two species 
apparently identical with Rdjmahal plants, and others which are 
nearly allied. It is a singular fact also that in several parts of South- 
ern Africa, the next formation to the Karoo series in descending order is 
the almost unfossil if erous Table Mountain sandstone which in some 
respects resembles the upper Vindhyans of India. In other South African 
localities, however, true carboniferous deposits, with Lepidodendron^ 
Sigillaria, &c., underlie the Karoo series unconform ably.® 

It thus appears that the flora of the Damuda series, so far as is 
at present known, is not represented in Europe by any known fossil 
flora, although some of the plants are allied to species found in 
various lower secondary formations. Floras closely agreeing with that 
preserved in the Damuda beds are, however, met with in Australia 
and South Africa. On the other hand, the plants of the Karharbkri 
group below the Damildas, and of the overlying Panchet beds, are much 
more closely al]i(‘d to European forms, although several of the associated 
types of plants in the former, and of animals in the latter, are still 


1 Q. J. G. S., 1867, pp. 140, 167. | = Q. J.. G. S., 1871, pp. 49. 67. &c. 
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more nearly allied to Australian or South African genera than to any 
hitherto discovered in Europe. 

Barakar group. — Although there is little difference between the 
floras found in the various sub-divisioas of the Damiida scries, the 
characters and relations of the minor groups require separate notice, 
and of these groups the lowest and the most important is the Barakar. 
This group derives its name from a river which traverses the western 
portion of the Raniganj coal-field and then falls into the Damuda within 
the limits of the field.^ In the higher portion of its course the Barakar 
river re(;civcs the streams which drain the Karharbari coal-field. 

Petrology. — The Barakars have an equally extensive range with the 
Talchirs, and consist of conglomerates, sandstones of various kinds, shales 
and coal. The sandstones are often coarse and felspathic, a variety of 
frequent occurrence being rather massive, white or pale brown in colour, 
soft at the surface where exposed, and not much harder below, consisting 
of grains of quartz and decomposed felsj)ar. The weathered surface of this 
sandstone frequently exhibits small projecting knobs, due apparently to 
calcareous concretions. One of the most striking distinctions between the 
sandstones of the Talchirs and those of the overlying formation consists in 
the felspathic constituents of the former being, as a rule, undecomposed, 
whilst in the Damuda formation the grains of felspar are almost invariably 
converted into kaolin. 

Besides the whitish felspathic sandstone, another typical Barakar rock 
is a conglomerate of small, well-rounded, white quartz pebbles. These are 
sometimes found scattered over the surface and serve to indicate the 
presence of the conglomerate where it is not exposed in section. The 
matrix of the conglomerate is usually white sandstone. 

It must not be supposed that white is the only colour of the Barakar 
sandstones. Brown, red, yellow, and other tints are to be found, and in 
many places j^redominate. But the whitish felspathic sandstone is a 
typical rock, preserving its character in localities as far apart as Raniganj 
in Bengal and Chdnda in the Central Provinces ; and although, to 
the eastward, it is subordinate and forms but a small portion of the 
group, it appears to be much more largely developed in the Godavari 
valley. 

In general, however, to the eastwai’d, the greater portion of the 
Barakar rocks consist of shales, grey, blue or black, frequently micaceous, 
and more or less sandy, occasionally associated with argillaceous iron ore, 
and often containing seams of coal. Not unfrequently the shaly beds 
are interstratitied with hard flags. 

iMm. 0. S. T.. Ill, p. 212. 
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Tlie coals of the Barakar group vary greatly in quality and character in 
the different coal-fields. They all, however, agree in having a peculiar 
laminated appearance, due to their being composed of alternating layers 
of bright and dull coal, the former purer and more bituminous than 
the latter, which in many cases is shale rather than coal. The best coals are 
those in which the bright layers predominate, but nearly all seams hitherto 
discovered are somewhat inferior to average European coal of the carboni- 
ferous formation, and there is a general tendency to variation in the thick- 
ness and quality of each seam within short distances. At the same time 
excellent fuel has been obtained from some Barakar seams. Some coal- 
beds are of immense thickness, single sc.ams (including j)artings of shale) 
amounting to JLs much as 35 feet in the Ranigjinj coal-field, 50 feet near 
ChSnda, and no less than 90 feet at Korba in Bilaspiir.’ 

Relations to Talchirs. — In pla(*es the Barakars rest quite con- 
formably upon the Talchirs, and the two groups api)car to pass into each 
other. In general there is an abrupt change in mineral character, 
but tlie only case which has hitherto Ixjcn found in which there is 
clear evidence of denudation having removed portions of the lower 
beds during the deposition of the higher group ® is in the Ramgarh coal- 
field, where rolled fragments derived from the Talchirs have been found 
in the Barakar beds. Tl\e Barakars, however, overlap the underlying 
Talchirs in many places, and rest upon the metamorphic rocks, and in 
some coal-fields, as in Raniganj, the overlap ap])ears to be gradual, the 
higliest beds of the Talchirs first disap])caring, as if they had suffered 
from denudation. It yet remains to be seen, in the cases in which an 
apparent passage between the Barakar and Talchir groups exists, 
whether representatives of the Karharbari beds do not intervene. 

Thickness. — Ihe Barakars appear nowhere to exceed the thickness of 
3,300 feet, a development which they attain only, so far as is known, in 
the Jharia field. In no other field, except Ramgarh, do they exceed 2,000 
feet. 

There is but little difference in general between the fossil plants of 
the IWakars and those of the overlying sub-divisions of the Damudas. 

Ironstone shales. — Above the Barakar group in the Raniganj and 
a few other fields of the Damuda valley, but nowhere else, there is found 
a great thickness of black or grey shales,® with bands and nodules of clay 
ironstone (carbonate of iron mixed with clay), some of which is of the 
carbonaceous variety known as black band.” Towards the base these 

1 Tlic moBt eastern district of Chhattisgarh, Central Provinces. Tbc locality is about 
235 miles cast by north from Nagpur. 

2 Mem. G. S. I.. VI. p. (113). 


I »Mcm. G. S. I.. Ill, p. 40. 
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beds become more sandy, and interstratifications of sandstone occur 
amongst them. The sliales disintegrate slowly, and consequently the 
tract covered by this group is barren and frequently elevated, but 
the rocks, as a rule, are not well exposed on the surface, although 
their presence is indicated by fragments of ironstone being scattered 
about. 

The greatest thickness attained by the ironstone shales is about 1,500 
feet in the Bokaro coal-field ; in the Raniganj field they arc nearly as 
thick. As a rule, they are quite conformable to the undei-lying Bamkars ; 
some slight unconformity which has been observed is very possibly local, 
but one case^ has been noticed in which a break in time may be 
indicated. 

Fossils arc not common, and, when any occur, they consist usually of 
Glossoptcris or Veriehraria, Fragments of the stem of a conifer have also 
been found in these beds, and somewhat resemble a form found in the 
Kamthi beds of Mangli. 

Raniganj group. — The highest group of the Damuda scries in 
theDamuda valley derives its name from the |)i iiK‘i]>al town of the mining 
district of Burdwan,^ and com])rises a great thickness of (joarse and fine 
sandstones with shales and coal seams, 'nie sandstones are, as a rule, 
moderately coarse, in thick massive beds, wliitc or ]>rowii in colour, and 
obliquely laminated. They are usually more or less felspathi(j, the felspar 
being converted into kaolin. Bands of rather calcareous, fine, hard, 
yellow sandstone are common and characteristic of the group : they often 
weather out at- the surfac'-e in nodular fi*agmcnts. (conglomerates are of 
rare occurrence. Shales form a much smaller portion of this group than 
they do (in the Damuda area) of the subjacent Ba-rakars j they are some- 
times black and carbonaceous, sometimes bluish-grey, and occasionally 
red or brown, more or less mixed with sand or stained by iron, and small 
bands of argillaceous ironstone occasionally occur, though they are not 
common. The coal is composed of layers, alternately bright and dull, as 
in the Barakars. 

This group is of considerable thickness in the Raniganj field, being, 
where fully developed, as much as 5,000 feet from top to bottom, and it 
is possible that this is less than the original thickness, for the next group 
in ascending order rests upon the denuded surface of the present. The 
Raniganj group diminishes in thickness in the other fields to the west- 
ward, and apixjars to be represented by groups of dilTerent mineral charac- 
ter beyond the limits of the Damuda drainage. 


1 Mem. G. S. 1., HI. p. 42. 


2 Mem. G. S. I., TIT. p. II?. 
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As a general rule^ the Raniganj beds are conformable to the ironstone 
shales^ but in the Bokaro coal-field, near Hazfirib%h,' the higher group 
overlaps the lower unconformably and rests upon the Barakars. 

No animal remains have been found in the rocks of this formation, but 
plants are abundant ; the majority appear to be the same as those found 
in the Barakars. 

Motur group. — This and the next sub-division are only known 
to occur in the Satpura ranges south of the Narbada valley, where the 
groups immediately succeeding the Barakars in ascending order have not 
received the same amount of attention as the rocks of Bengal, the 
Godavari valley, and Orissa, and the classification proj)Osed for the 
Satpura Gondwanas is only provisional. An immense thickness of beds 
occurs, probably as much as in tlie Raniganj field, but no correct estimate 
can be formed without further detail. 

nie Motur groups derives its name from a village of that name 
situated about twelve miles south-south-cast of Paehmari, on the dividing 
ridge betwcien the valleys of the Denwa (which runs into the Tawa, 
a tributary of the Narbada) and the Pench (which is a ti ibutary of the 
Godavari). The village is on the road from Badnur (Betiil) and Chhind- 
wara to Pachraai i, and was at one time used as a sanatarium. 

The beds of this gi’oup somewhat resemble the Panehets of Bengal 
in mineral cliaraeter. They consist of thick, coarse, soft, earthy sand- 
stones, grey and brown, sometimes with red and mottled clays and calca- 
reous nodules. Shales occur, but they are usually sandy and very rarely 
carbonaceous. 

It is probable that the Motur group is unconformable to the Bara- 
kars. No collections of fossils have hitherto been made from the beds 
of the Motur horizon. 

Bijori group, — The highest members of the Damuda series in the 
Satpura region are exposed in the upjKjr Denwa valley at the southern 
base of the Mahadeva or Paehmari hills. For the rocks of this horizon 
the name of Bijori has been proposed,^ from a small village rendered famous 
by being the locality whence the only distinctly vertebrate fossil, except 
Br<ichyoj 9 S, yet obtained from the Damuda series has been procured. 

The rocks of the Bijori horizon are characteristically Damudas, and com- 
prise shales, occasionally carbonaceous, micaceous flags and sandstones. 

Of the relations between the Bijori and Motur groups nothing 
definite is known, nor has the thickness of either been determined ; 3,000 

1 Mcui. 0. S. I.. VI, p. (100). 1 2 Mem. G. S. I., X, p. (lal). 

“ Mem. G. S. 1., X. p. (129). 
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to 4,000 feet of beds intervene between the Motfir beds and the base of 
the Paehmari sandstone, and the greater portion of this thickness may 
be assigned to the Bijori group. 

The most important fossil hitherto found in the Bijori beds is the 
specimen already referred to, which is the skeleton of an ami^ibian 
apparently allied to, if not congeneric with Archegomnrus, a car- 
boniferous genus.^ Plants of the ordinary Damiida types, Glossopteriny 
Verlebraria, &c., are found, and Schizoneura has also been met with. 

Kamthi and EEengir. — Although there is some difference in mineral 
character between these two groups, the latter, in Chhattisgarh and 
Western Orissa, apyjears so closely to represent the beds of the Godavari 
valley that the two may be united. The name Kamthi is derived from 
the military station so called,^ twelve miles north-east of Nagpdr, 
and the station again derives its name from a village on the opposite 
side of the Kanban river, where there is a famous quarry which has 
yielded a large number of fossils. The term Hcngir is derived from a 
zamindari of that Tiame situated north of Sambalpur.*^ 

The tyj)ical Kirnthi rocks consist of conglomerates, grits, sandstones, 
shales and clays. The conglomerates contain pebbles of quartz; the 
grits are sometimes hard and silicious, so much so as to be quarried for 
hand-mills (quernstones), but usually tticy are soft and argillaceous. They 
arc frecpiently stained by iron, and are often intersected by hard ferruginous 
bauds of a dark -brown colour. The sandstones are of eveiy shade of 
colour, and vary greatly in character ; they comprise fine-grained mi- 
caceous beds, white in colour, with blotches and irregular streaks of red, 
and one of the most characteristic beds of the formation is a very fine 
argillaceous sandstone, hard, massive, and homogeneous, resembling a 
shale in structure, except that it exhibits no trace of lamination, yellow 
in colour below the surface, but becoming red when exposed. It passes 
into red shale. Another characteristic bed is a hard grey grit or sandstone 
ringing under the hammer and breaking with a conchoidal fracture. The 
clays are red or green in colour, and chiefly prevail in the upper portions 
of the group. 

These typical beds, with the exception of the clays, are chiefly developed 
near Nagpur ; elsewhere the Kamthis consist mainly of soft porous sand- 
stone, brown or white in colour, and conglomeratic in j)laces, often with 
hard, ferruginous bands, and a few red shales. Here and there, however, 

» J. A. S. B., XXXIII, 1864, pp. 336, 442. 

2 llec. G. S. 1., 1871, IV, p. 50; Mem. G. S. I., IX, p. (305). The name was fonnerly 
written Caiuptee, and this subsoqucsntly assumed the form of Kampti. 

“Uec. G. S. I., 1875, Vlll, p. 112. 
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a band of one of the characteristic rocks is met with towards the base of 
the formation. 

The chief peculiarity which distinguishes the Kamthi group from 
the Rdniganj and Bijori groups is the absence of carbonaceous markings. 
In other Damuda groups^ with the exception of the ironstone sliales, the 
remains of plants retain in general a portion of their original carbon^ but 
this appears very rarely to be the case amongst the Kamthis. 

The thickness of the Kamthi group has not been determined, but it 
is undoubtedly considerable, probably 5,000 to 6,000 feet at least.‘ The 
beds belonging to this group generally appear conformable to the Barakars, 
but it is extremely doubtful if the conformity be more than apparent, for 
the Kamthi beds overlap the Barakars in a most irregular manner, and 
the break in conformity between the two is in places well marked. The 
Ilengir beds, both near Sambalpur and in the Talehir coal-field, certainly 
rest unconformably in places on the Barakar group.® 

Mangli beds and their fossils.— In the neighbourhood of Mangli,’ 
a small deserted village, lying at the northern extremity of the Wardha 
Gondwana basin, about fifty miles south of Nagpur and thirty-five north- 
west of Chanda, some quarries have long existed, from which a very fine 
red and yellow sandstone, apparently argillaceous, is obtained and em- 
ployed in building, chiefly for ornamental purposes and for carvings. The 
stone is precisely similar to that of Silewadsi and other typical exposures 
of the Kamthi group, near Nagphr, and the coarser associated sand- 
stones of Mangli differ in no way from the ordinary Kamthi grits. 

The quarries of Mangli have become well known by name to Indian 
geologists, and even to those of other countries, from having furnished 
to Mr. Hislop the first Labyrinthodont amphibian fossil delected in 
India. They have also yielded a sjxjcies of Esiheria and a few plant- 
remains. The latter are so poor that veiy little dependance can be 
placed upon their determination ; one is believed to be coniferous, and has 
been referred to Valissya ; ^ another is a stem of a fern. 

The species of Esiheria has been named E, mangaliensis by Professor 
Rupert Jones; it is an ally of the European Esiheria minuta, which is 

‘ The staieineut printed in the Ilcc. G. S. I., X, p. 28, that the Kamthi rocks near 
Sironcha ore 17,000 feet thick, has since been ascertained to be erroneous, the beds beings 
repeated by a fault. 

8 Mem. G. S. I., Vol. I, p. 66; Rec. G. S. I., VIIT, p. 113. 

® This spelling is quite as correct as Mangali, and the latter form is objectionable, since 
the name has, in consequence, been called and printed Mangdli or even Mangdli. The 
Mdngli beds were discovered by the late Mr. Hislop, Q. J. G. S., XT, pp. 3780. 

* Feistmantel, Rec. G. S. I., X, p. 26. The identification seems doubtful, for Sir 
Charles Bunbury suggested the possibility of the same stem belonging to the Lycopodiaceou* 
genus Knorria. 

I 
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a cliai'aeteristic fossil of the Trias. At the same time mangalknds 
closely resembles a recent species, E. gihom\ living* in Palestine.^ 

The smaller variety of E. tmiiigaliensu closely 
resembles one found in the Panchet group of 
Bengal, and may be identical ; but the Paneliet 
fossil is so poorly preserved that some of the 
specific characters, depending upon the micro- 
scopical texture of the shell, cannot be ascertained, 
so the identification is not quite certain. The 
Kamthi plant fossils consist of several forms of 
Glossoplerisj Gnngamop/eris, TmiiopUrisyAleiJiop- 
icris, equisotaceous stems and leaves {Thylloihecay T crlclrariay and 
ScMzonetira) , None of the Panchet plants except ScJiizonenra have 
hithevin been detected in ihe Kimlhis. On the evidence of ilie plants 
the Kamthi beds have been referred to the Damuda scries, and considered 
equivalent to the llaniganj group. It may, however, be mentioned 
that all Ihe j)]ants obtained hitherto from the Kfimtliis are from beds 
near the base of the group, and some of the upper Kamthi strata may 
yt^t be found to re])resent the Panchets of Bt^ngal. The fossils of the 
Mangli bods may perhaj)s indicate that the whole Kamthi group should 
be referred to a somewhat higher horizon than the llaniganj group. 
This appears more probable tlian the idea that the Mangli beds them- 
selves are of later date than the other Kamthi strata, a view held by 
some paljeontologists, but which has been disproved by the geological 
examination of the country.* 

' Duport .Toiu-s, Till. Hoc., Mon. Fofs. Estlima*, j>. 78. 'I Ik* Hpcciincns found at Mangli 
vary in size, and ilio smaller form is referred by Dr. reistmaiitel (Dec. G, S. ]., X, p. 26) to 
E. mivuiay vnr. hrodiei, ii rluetie. variety of the triassie P])ei*ies. It seems, however, by 
Professor Kiipert (Jones to have been described and figured as a small variety of E. 
fnatif/allrnsis.^(^(.l. .7. G. S., 3863, p. 349.) 

‘ Dr. Peistmaiitel considers (Uec. G. 8, L, X, p. 27) that the fauna and flora of the Mangli 
beds arc newer than those of the Panchets. Ilis princii)al reason for this view’ appears 
to be the discovery by l^ofessor Geinitz of Esiheria 97iavffaiu'n/ii,y, associated with a rhaHic 
flora, in South America, and a supposed identification of the smaller Mangli Esi?ieria wdtli E. 
mimifa, var. hrodiei. The latter ideiitificntion is a}»parently a mistake, as already mentioned 
in a ]>revious note, and the evidence of age, afforded by terrestrial 2)lants a)id animals in 
distant regions, is shewn by the Goudwana flora to be not unfrequently conflicting. 
The evidence afforded by the Mangli plants is of very little value ; they are insufficient for 
accurate determination. At Kawarsu, w’est of Clmnda, in beds clearly and unmistakably be- 
longing to the Kamthi group, the same Eaiheria maiigaliensis occurs with Qlossopteris 
hrowniana, G. ifidica, EJttflloiJieca indica, and <S'c7^firowr«rfl', the tyjacalDamuda fossils (Mem. 
G. S. 1., Xni,])p. 70, 77), and this occurrence within about 30 miles of Mangli is much 
more important than the position of the species in South America. The jjalscontologicul evi- 
dence is thus insuificient to justify the transfer of the Mdugli beds to n liigher horizon, 
W'hilst the geological doterinination of the position of these beds, w'hich have been carefully 



Esiharia manqaliensis 
(enlarged 3 diameters). 
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The lastj but by far the 



Head of Brachyops laticepa, upper and side views, half 
natural size. 


most important Mdn^ll fossil, is the 
Labyrinthodont Bra^ 
chi/ops lat.icq)s.' The 
only allied form found 
in Europe is Bhino- 
saurus jasikorii from 
the Russian oolite. 
Two species belonging 
to the same group 
have been described 
by Professor Huxley/ 
one under the name 
of Mlcropholls siowii 
from the Beaufort 
group of the Karoo 
series in South Afri(;a, 
and the other, called 
Bothrkeps aiisira I is, 

from an unknown lo- 
cality in Australia ; of 
these different forms 
3Iicro2) holis approach es 
most nearly in all 
characters to the Man- 
gli Labyrinthodont. 


Panchet group. — The term Panchet was originally applied to two 
groups of beds in the Raniganj coal-field.^ It is now restricted to the 
lower of these groups, the upper Panchets of the Damuda valley being 
referred to the upper Gondwana series and ascribed to the Mahadeva 
formation. The name was derived from an important zamindari (estate) 
which still comprises a large tract in the southern portion of the 
Raniganj coal-field, and formerly included much more; and the same 
name is that of a large hill, the basal portion of wbi(;h consists entirely 
of Panchet beds. 


examined, leaves no reasonable doubt tbie they belong to the Kumtlii group. Mr. Hughes 
(Mom. Q. S. 1., XIII, p. 71) considers that the position of the Mdngli fossilii'erous bed is 
about 600 or 700 feet above the base of the Kamtbis, and that tlu* Knwai’sa beds, which 
are of similar mineral character, are on nearly the same horizon (*7;., p. 75). 

' Owen, Q. (L S., 1855, p. 37. 

2Q. J. Cl. S., 1850, p. 642 ; Kept. Brit. Assoc. 1874, p. IGl. 

•«Mem. O. S. 1., Til, pp. 30, 126, 132, &c. 
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Petrology. — The great mass of this group consists of thick beds of 
coarse felspathic and micaceous sandstones, often of a white or greenish- 
white colour, with bands of red clay from a few inches to 20 feet in 
thickness. The felspar in the sandstones is occasionally undecomposed,’ 
which is never the case in the Damudas. Conglomeratic beds sometimes 
occur in the upper portion of the group, but they are not common. 

At the base of the group grey and greenish-grey sandstones and 
shales are usually found in very thin beds, and often highly micaceous. 
In places the greenish micaceous clays are met with higher in the group. 

The Panchet rocks are distinguished from the typical Damudas 
by the presence of red clay and the absence of carbonaceous shales, 
and, as a rule, by the sandstone being much more micaceous. But, 
as already shewn in the case of the Motfir group, rocks of the 
Panchet character are found in parts of India interstratified with the 
Damudas. 

The thickness of the present group in the Damuda valley nowhere 
exceeds about 1,800 feet. It rests with slight but distinct unconformity 
upon the denuded surface of the R^niganj group, the unconformity being 
most marked in the Bokdro coal-field, and m some places the Panchets com- 
pletely overlap that group, and rest upon lower belds. Fragments of 
coal and shale, apparently derived from the Damudas, have occasionally 
been found in the conglomerates of the Panchet group. 

Palaeontology . — The most important remains of animals hitherto 
found in the lower Gondwana rocks have been derived from the Panchets. 
In the ui)per portion of the group there is, in the Raniganj coal-field, 
a well-marked conglomeratic band containing reptilian and amj)hibian 
bones. Tliese arc isolated from each other and sometimes slightly 
rolled. 'J'he specimens obtained have been examined and described by 
Prof. Huxley * and com j)rise the following forms, besides a few others the 
aflinities of which are doubtful : — 

Amphibia— 

Labyri nthodoii tia — 

Goniogh/ptus longirostrU, 

Pavhygonia incurvaia, 

Reptilia — 

Dicynodontia— 

Dicynodon orientalis, 

Dinosauria — 

Ancistrodon indicus. 

CurSTACEA — 

JSstheria mangaliensis ? 

^ Pal. lud. Ser. IV, 1. 
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The plants hitherto discovered consist of the following species ^ 

Equisetace^ — 

Schizoneura gondwanensis, PL VII, fig. 1, 2, 3. 

Filices— 

Pecopteris coneinna, PL VII, fig. 6. 

Cyelopteris pachyrhach is. PL VII, fig. 5. 

Taeniopteris (OUandridium) sp. allied to O. stenoneuron. PL VII, fig. 4. 

GlossopteriSf sp. fragments. 

Prof. Huxley has pointed out that the reptilian and amphibian 
remains might be either older mesozoic or upper palajozoic. He says : ^ 
So far as an accumulation of uncertainties may go towards forming a 
conviction, however, I should incline, in view of the whole vertebrate 
evidence (to which 1 confine myself) to the opinion that the Indian (/. e., 
Panchet) fossils are cither of triassic age or belong to that fauna which 
wnll one day be discovered to fill up the apparent break between the 
I)alapozoic and mesozoic forms of life.^^^ 

Of the plant remains Vecopleris cmcinna and Cyclo^Jicris pacl/// ritar/ns 
are known from the rhaetic of Europe, and the Taniopicria also is allied 
to a rhaitic species. The genus Sekizonenra is found in both rlia)tic 
and trias ; S. paradoxa, the form most nearly allied to S. gondwaneuHts, 
being a characl eristic lower triassic fossil (Bunter) . The Panchet species is 
considered by Dr. Feistniantel the same as that found in the beds of the 
Damiida series, especially in the Rfiniganj, Bijori, and Kamthi groups. 

Vachygonia and (lonioglyptns belong to the same section of the Lahy-^ 
rinthodonh ^ as MaslodormiiiriiH (trias and rhsetic;), Cajulomtirns (trias), 
and Trematosavrus (trias). Pieynodon has not been found in I'urope, but 
it abounds in the Beaufort lieds, belonging to the Karoo series in 
Southern Afiica, together with the plants already noticed in connection 
with the Damuda flora. Some of the other reptiles of the Beaufort beds 
are considered by Prof. Owen to be allied to iiermian forms, but the 
rocks have been by other observers either classed as trias or considered 
as belonging to a period comprising permian and trias, and correspond- 
ing to the old ^^Poikilitic.^^ The balance of evidence, jierhaps, is in 
favour of a triassic age botli for the Panchet group of India and the 
Beaufort beds of South Africa.^ 

* Rcc. G. S. I., IX, p. 66. 

^ L. c., p. 24. 

® Subsequently (Q. .T. G. S., XXVI, 1S70, p. 49) Prof. Huxley expressed an opinion 
that the Pancliets, together with several other reptilian faunas in Europe, Asia, and Africa, 
were more probably triassic than ptirmian. The definite classification of the Indian beds 
has however, been seriously impeded by the discovery that the Mah'ri ^eptilia^ which have 
much stronger triassic affinities than the Panchet foiins, and which were formerly supposed 
to occur on the same horizon, belong to mucli higher beds. 

< Kept. Brit. Assoc., 1874, pp. 150, 155, 156. 

* Q. J. G. S., 1867, p. 167; 1870, p. 49; 1876, p. 352. 



184 


GEOLOGY OP INDU—GONDWANA SYSTEM. 


[Chap. VI. 


Almod. — This name is derived from a village at the south base of 
the Pachmari escarpment in the Satpura hills. The rocks consist of 
sandstones with a few carbonaceous shales. Their relations to the groups 
above and below require further investigation; no unconformity has 
hitherto been traced. Their sole importance is derived from their 
position between the Mah^evas and Damfidas^ and to the sugges- 
tion that tlioy may represent the Panchet group of Bengal. No fossils 
have, however, as yet been found in them. 
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CHAPTER VI. 

PENINSULAR AREA. 

GONDWANA SYSTEM — confiniied. 

Upper Goiidwaria groups — Maliadeva Series— Pachtnarhi group — Deiuva group — Bagra 
group — DubiAjpur group — Rajniuhal group — Characters and association of bedded 
traps — Rajinaiial beds in Southern India — Thickness and relations to lower Gondwanas 
—Area of volcanic action — Palaeontdogy — Relations to Uitenhago flora of South 
Africa — Relations to Jabalpur and Cutch floras — Ragavapurain shales — Tripetty 
sandstones — Sripcrinatur group — Sattavedu group — Trichinopoly or Utntur plant beds 
— Kota-Maleri group — Paleontology — Jabalpur group — Pal®ontology — Umia group of 
Cutch — Narha beds. 

Upper Gondwana groups. — The area in which the upper portion 
of tlic Gondwana. system appears most ftilly represeni;ed, is the Sati)ura 
basin ; and here, although there is evidence of a marked break in the 
sequence, the division between the upper and lower sub-divisions of the 
great system ‘s less trenchant than in Bengal. So far as the examina- 
tion of the Gondwana formations has hitherto proceeded, there appears 
to be but little connexion between the floras of the up])er and lower 
series, and it is quite possible that several intermediate links remain to 
be discovered between the Panchet group and the next fossil if crons for- 
mation in ascending order, that of litijmahal. It has already been noticed 
that, the upper Gondwana formations, in each tract in which tliey occur, 
differ more from the corresponding rocks in other tracts tlian llie lower 
Gondwana groups do, and consequently the correlation of the different 
members of the series is more difficult, and a larger number of small local 
groups has been instituted. In treating of the upper Gondwana forma- 
tions, the groups of the Mahddeva series will be first mentioned, then the 
Rajmahals and their equivalents j next, the minor groups of the east coast ; 
and, finally, the Kota-Maleri, Jabalpur, and Cutch beds. The general 
relations between the various groups have already been represented, so 
far as is practicable, in the table given in the last chapter. 

Mahadeva series,— This name was first applied to the sandstone 
of the Paehmarhi hills,^ a part of the Satpura range south of the Narl^ada, 

^ J. A. S. B., 1856, XXV, p. 252; Mem. G. S. I., IT, pp. 183, 315. 
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between Hoshaiig'abad and Narsingpdr ; these hills are known as Maha- 
deva or Mahadeo from a cave sacred to Siva, which is the site of a great 
annual ^^mela/’ or pilgrim fair, in honour of the god. Subsequently 
the term was extended so as to comprise all the upper beds of the Sat- 
pdra basin, above the Damudas of the upper Denwa valley, except the 
Jabalpurs. 

The MahMeva rocks consist chiefly of very thick massive beds of 
coarse sandstone, grit, and conglomerate. These are frequently ferrugin- 
ous, or marked with ferruginous bands, as in the Kamthis. They are asso- 
ciated with clays, and occasionally with bands of impure earthy lime- 
stone. The sandstones form high ranges of hills, and often weather into 
vert ical scarps of great height, forming conspicuous clifFs in the forest, 
and contrasting strongly with the black precipices of the Deccan traps 
and the rounded irregular masses of the more granitoid metamorphic 
rocks. 

In tlie typical area of tlie Ssitpfii'a region the Mahadeva rocks attain 
a thickness of at least 10,000 feet,, nine-tenths of which consist of 
coarse sandstone, grit, and conglomerate. The formation, as a whole, 
appears to be unconformable to the underlying Damudas, as it overlaps 
the upper members of the lower Gondwuna series. 

Unfortunately the whole of this immense thickness of beds has 
hitherto yielded scarcely any recognisable fossils. Fragments of wood 
apparently exogenous, and im])erfect remains of stems and leaves, have 
occasionally been mot with, but never hitherto in a state wliieli per- 
mitted their characters to be determined.^ Quite recently a scute of 
an amphicoelian crocodile has been found in the Denwa valley, and some 
leaves of Vtilophyllum at Lokartalai. The latter are of great im})ortance, 
but they belong to forms having a wide range in the upper Gondwana 
strata. 

I’he Mahadeva formation has recently been sub-divided in the Satpura 
region into three groups, the Bagra, Denwa, and Pacbmarhi, each of which 
requires a few remarks. 

Fachmarhi group. — The name is derived from Pachmarhi,^ a village 
on tlie toj) of the hills of the same name, and the site of a sanitarium. The 
group consists of massive sandstone, whitish or brownish in colour, 
usually soft, often containing small subangular pebbles, and occasionally 
intersected by hard ferruginous bands. As a rule, the stratification is 

^ The fossil wood mentioned in the report on the eentrnl portion of the Narbada 
district (Mom. G. S. I., II, p. 190) occurs in beds which have now been shewn to belong to the 
Jabalpur group and not to the Mah^devas. 

2 Mem. G. S. I., X. p. (155). 
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obscure, oblique lamination being* common, and the different beds of 
which the group iscomjx>sed exhibiting great iiTcgularity in superposition 
and often overlapping each other. The hard ferruginous partings are 
most irregularly interspersed throughout the mass, usually as thin beds, 
though not always j)erfectly parallel to the planes of stratification; 
sometimes the impregnation with iron is confined to pi[)os or nodules. 
Fragments of these fciriiginous bands are often scattered in cjuantities 
over the surface, and serve to distinguish the onfero]^ of the Pachmarhi 
group from those of the underlying beds.^ 

The Pachmarhi group comprises, where thickest, 8,000 feet out of 
the 10,000 found in the Mahadevas of the Satpura hills. 

Denwa group. — The middle group of the Satpura Mahadevas is 
named® after a stream which rises on the south side of the Pachmarhi range, 
and turning round the oasiern end of the ridge, forms its northern 
boundary throughout and finally falls into the Tawa. The course of this 
stream, north of the Pachmarhi hills, is the area of Ihe Denwa rocks, which 
present a marked contrast f o tlie massive Pachmarhi sandstone, and are 
principally composed of soft clays, pale greenish-yellow and bright-red 
mottled with white in colour, forming thick bods interslratified with 
discontinuous and subordinate bands of white sandstone, find very rare 
courses of earthy limestone. The sandstones are locally conglomeratic. In 
short, in mineral character, the Denwa rocks a.r(^ a rei)etition of the Motiir 
group in the middle of the Damuda formation, and resernl)le the Panchets 
of B(Migal. 

The thickness of the.se beds in the Denwa valley is about 1,200 feel. 
Tliey appear in ])laces to |)ass into the underlying group, although in the 
typical area they are quite distinct. 

A fossil reptilian sente, found in tlie Denwa roeks'* l>y ]\lr. Hughes, 
appears to liave belonged to a crocodile with bi-eoneave vertebrse, like 
Bdotlon and Paramchus. The seutc? in question is very large, and ujay 
perhaps have belonged to the last-named genus, which is found in the 
Kota-Malen' beds. ^Jhe oeeurrenee is seareely sufficient to afford mueli 
aid in determining the liomotaxis of the Denwa beds, but it is interesting, 
as j>ossibly shewing some coimeetion with the Kota-Maleri group. 

At Ijokartalai, on the Moran river, close to the western extremity of 
the Satpura basin, some shales and sandstones, having a decidedly Damuda 
aspect, crop out in an anticlinal fiom beneath the overlying Ijagra beds. 
These beds even comprise a seam of inferior shaly coal. In mineral 

^ It should not be forgotten that similar ferruginous layers are found in the Kamthis, 
belonging to the Damuda series. 

2 Mem. G. S. I., X, page (153). 

s Lydekker, Rec. G. S. J., X, p. 34. 
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character they closely resemble the Bijori sub-division of the Damudas, and, 
until recently, they were classed as lower Gondw&nas. Mr. Hughes, 
however, has now found the two charaeteristic species of Ptilophyllumy 
PL cutchense and Pt, amtifoUumy in these beds, and there can be no hesita- 
tion in referring them to the upper Gondwina series : they probably 
belong to the Denwa group. As the two plants named are found in both 
the Rajmahal and Cutch groups, the correlation is still imperfect, but the 
Denwa beds cannot be of much later age than the Rajmahals, as they are 
separated from the Jabalpur group, itself, if anything, a little anterior 
in date to the Cutch beds, by the Bagra sub-division of the Mahadevas. 

Bagra group. — This name is that of a hill fort ^ built upon the 
highest sub-division of the Mahadeva formation at the spot where the 
river Tawa cuts its way through a spur of the Satj)ura hills, south-east of 
Hoshangabdd. 

The Bagra group is very largely composed of conglomerate, often 
coarse, and frequently with a deep red, earthy and sandy matrix. It is 
more calca reous than any of the other Mahadeva groups, and bands of lime- 
stone, sometimes dolomitic, and of calcareous sands and clays, are of fre- 
quent occurrence. The limestones are pink or yellowish, whilst clays and 
sandstones of various colours arc interstratitied with the conglomerates 
and limestones. The group is very irregular in composition. The 
greatest thickness hitherto observed does not exceed 600 to 800 feet. In 
places the Bagra beds overlap the Denwa group, and rest on the Pach- 
marhi sandstones. 

Dubrajpur group. — The three groups already noticed are only known 
in the Satpiira region, although some of them may perhaps hereafter be 
traced to the eastward. Owing to the paucity of fossil evidence in the 
Mahadeva series, and to the great difference in mineral chai'acter between 
the upper Gondwana beds of the Central Provinces and those of Bengal, 
it is impossible to say which groups in the former area are represented in 
the latter, where the most important group by far is that of Raj- 
mahal. 

A thick band of coarse sandstone at the base of the Raj’mahdl 
group was at first associated with the overlying beds, but it has since 
l)een separated, as it is not conformable to the Raj’mahals, and as it is 
very similar in character to some sandstones of the Damuda valley, 
formerly described as upper Panchets, but since believed, on evidence 
which will be noticed in a subsequent chapter relating to the coal-fields 
of the Damuda valley, to be a probable representative of the lower 
Mahadevas. 


Mem. G. S. 1., X, p. (15U) 
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The Dubriijpur group, as this band of sandstones and conglomerates 
is called, takes its name from a village > in the B^jmahll hills, situated 
about 40 miles north by east of Sooty (Suri). The component beds 
are sandstones of several varieties (grits and conglomerates), for the 
most part ferruginous. Fine-grained beds are not common, although 
occasionally shaJy sandstones are met with. Most of the coarser 
beds are ferruginous, and one form of conglomerate, of frequent 
occurrence, consists of quartz pebbles in a ferruginous matrix. A 
precisely similar bed is found in the supposed Mahadeva beds of the 
Damiida valley. 

Along the western scarp of the Eajmahal hills, the rocks of the 
Dubrajpur group rest partly upon the Damiidas and partly upon the 
metamorphic rocks, the Damiidas (Barakars) lieing repeatedly over- 
lapped by the Dubrajpur beds in a manner which shews the two 
to be quite uneonformahle. The greatest thickness of the Dubraj- 
pur group in the Eajmahfil area does not exceed about 450 feet. Some 
specimens of a eycaiieeous plant {PtilophyllvM) were once found in the 
uppoiTxiost beds underlying the Eajmahal trap near the southern exti*om- 
ity of the hills ; but there is some little doubt as to whether the fos- 
siliferous band may not belong to the Eajmahal grouj) itself. 

RajraahaJ group. — This important group derives its name from a 
range of hills in Bengal,* extending north and south from the Ganges to 
the neighboiwhood of Soory (Suri) in Birbhiim. The range again is named 
from the town of Eajmahal on the Ganges at the northern end of the 
hills. The representatives of the Eajmahal group, unlike those of other 
members of the GondwAna series, are confined to the neighbourhood of the 
eastern coast of the I ndian Peninsula. Some species of fossil plants, identi- 
cal with Eajmahal forms, have been found in other localities, but they 
are cither isolated or associated with plants belonging to a different 
flora. 

Characters and association of bedded traps. — In its typical 
locality the Eajmahal group consists of a succession of basaltic lava-flows 
or traps with interstratifications of shale and sandstone. The sedimentary 
bands are proved to have been deposited in the intervals of time which 
elapsed between the volcanic outbursts, by the circumstance that the differ- 
ent bands of shale and sandstone differ from each other in mineral character, 
and also that the upper surface of the shaly beds has sometimes been 
hardened and altered by the contact of the overlying basalt, whilst the 

1 Pal. Ind.. Ser. II, p. 1 ; Mem. G. S. I., XIII, p. (198), 

’ J. A. S. B., 1854p, XXIII, p. 270; Mem. G. S. I., II, p. 318; XIII, p. (209) ; 
Pal. Ind., Ser. II, p. 1. 
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lawer surface is never affected. The sedimentary bands are chiefly com- 
posed of hard white and gn^ey shale, carbonaceous shale, white and grey 

sandstone, and hard quartzose grit. 

Raomahal beds in Southern India.— The representatives of the 
Baimahal group in other parts of India only comprise volcanic rocks 
in one locality, on the southern face of the Khasi hills overlooking 
Sylhet in north-eastern Bengal, and in this instance the identification 
is not perfect, as it depends upon mineral character. There are no 
sedimentary intertrappean beds, and no fossils have been found. Near 
the eastern coast, however, representatives of the Rajmahal group have 
been recognised by their fossil plants in several localities. These 
representative beds consist of coarse sandstones, often conglomeratic j 
clays and shales, many of the latter being white and hard, and some- 
what resembling the tyjncal interti-appean beds of the Rdjmahdl area. 
The sandstones are sometimes richly coloured, red or yellow, hut more 
often grey, white or brown, and they are usually soft and argillaceous. 
Towards the base of the group a very coarse conglomerate is found, 
often containing immense blocks of gneiss or other ciystalline rocks 
derived from the immediate neighbourhood. 

Such is the general character of the beds; it should, however, be 
added that there is much variation in the rocks found at the various 
outcrops which are scattered along the coast at inicrvals from Cuttack 
to Trichinopoly, and that, in several cases, distinct zones can be 
traced, which apitear to be of rather later date than the R4jmahals. 
Some details of the different outcrops will be given in a subsequent 
chapter ; for the present it is sufficient to point out that the beds of 
Atgarl/ncar Cuttack i and those of Golapilli® near Ellorc, have the 
same flora as the llajmahsil group of Bengal ; that above the Golapilli 
beds there are two minor groups, the Ragavapuram shales and the 
Tripetty sandstones ; that these, rather than the true Rajmahal beds, 
may perhaps be the equivalents of the Sripermatur and Sattavedu 
groups near Madras; and that the Trichinopoly or Utatur plant Ms, 
the flora of which is imperfectly known,® may perhaps, like the Sriper- 
miitilr beds, be a little higher in position than the Rajmahal group 
proper. Some beds near Ongole are composed of u hite hard shales 
similar to the Ragavapuram beds. The general relations of these 


> Mull, Kcc. G. S. I.. X, p. 63 ; Feistraimtel. ib., p. 68. 

5 King, Kcc. G. S. 1., Vll, p. 169; X, p. 56 : Fi-Utiniintcl, Rec. G. 


S. I.. IX, p.40; Pal. 


>' Whilst tUose page* are pasaing throngh the press, news has been received of au 
important discovery of plants in tliesc beds by Mr. Foote. 
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different minor groups^ so far as they have hitherto been determined, 
is shewn in the following table ^ : — 


Bengal. 

Orissa. 

Ellore. 

Ongole. 

Near 

Madras. 

Trichi- 

nopoly. 

Central 

Provinces. 

Catch. 



Tripetty 
and Inna- 
parazpol- 
liam. 




? Chikialn. 

Jabalpur 

Umia. 

Katrol. 

? Chari. 


i 

1 

near 

Quutoor. 

? Satta- 
vedu. 
Sriper- 
matdr. 



i 

Raguvaipu- 

ram. 

Golapilli. 

Plant 

beds. 

Sand- 
stones of 
Budhaiia- 
da. 

Utatur 

plant 

beds. 

i 

lidjinahdl. i Atgarh. 

i 







It should, however, be understood that the distinctions between the 
groups are not great, and that in several cases the fossil flora has hitherto 
only been imperfectly examined. A few remarks on the Ragavapuram , 
Tripetty, Sriperma- *, and Sattavedu sub-divisions will be added after 
a description of the physical relations and palaeontology of the RAj- 
mahal group, as restricted to the beds of Bengal, Orissa, and Ellore. 

Thickness and relations to lower Gondwanas. — The bedded 
basaltic traps of the Rajmahal hills with their associated sedimentary 
beds attain a thickness of at least ^,000 feet, of which the non-volcanic 
portion never exceeds in the aggregate 100 feet. The thickness of the 
beds in Southern India has never been determined. The traps in the 
typical area rest with general parallelism on the grits and coarse sand- 
stone of the Dubrajpur group, but nevertheless several instances of 
overlap take place, and in one locality at least there is evidence of the 
Dubrajpur beds having been denuded before the dejmsition of the Raj- 
mahal group. In Southern India the Rajmahal beds have been depo- 
sited on melamorphic rocks, and appear in general to rest upon a sloping 
surface, dipping towards the present sea-coast, and having the appear- 
ance of an ancient plane of marine denudation. 

The great difference of age between the Rajmahal group on the 
one hand and all the lower Gondwana rocks, including the Damildas 

* This differs slightly from scvcrsl tables by Ur. Feistmantel (c. g,y [Pal. Iiid., Ser. 
II, df P* 165), who unites the Umia find Katrol groups of Cutch. As, however, only two 
species of Cephalopoda are kiiowu to be common to the two groups, although eleven species 
arc found in the Umia, and no less than twenty-seven in the Katrol beds, it is impossible to 
consider these groups as identical because a few plants aic common to both : see the chapter 
on the Jurassic scries. 
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and Paiichets, on the other, is well illustrated by the change in the 
flora and by the very much greater amount of disturbance to which 
the Damuda rocks have been subjected. The Rajmahal traps are 
almost horizontal, and no faults have been observed in them. As will be 
shewn in the account of the Rdniganj field, the dykes which abound 
there are almost certainly of Rajmahal age, and they are newer than 
the faults of the coal-field. 

Area of volcanic action. — From the extent of the area through- 
out which these dykes are develojTed, conclusions may be drawn as to 
the original limits of the volcanic action coincident with the period 
of dej)Osition of the Rajmahal group. The number of trap dykes 
gradually diminishes in the coal-fields of the Damuda valley from cast to 
west, until finally in the Karanpura field, south-west of Hazaribagh, vol- 
canic intrusions disai)pcar almost entirely, and none appear to be known 
further west until basaltic dykes of different age, which api)arently are 
of contem])oraneous origin with the much newer Deccan trap (upper cre- 
taceous) make their ai)pearance. Outside of the coal-fields it is difficult 
to distinguish the dykes belonging to the Rajmahal period from older 
eruptions, but there is not in Southern Monghyr, Hazaribagh, and 
Cyhutia Nagpur the same abundance of extensive basaltic intrusions as in 
Birbhum, So far as can be judged, the region immediately north of 
the Raniganj coal-field was one of the foci of eruption, and it is far 
from improbable that the bedded traps of the Rajmahal hills had origin- 
ally a considerable extension to the south-west and south, though, 
as no single outlier has been preserved, it is impossible to feel sure 
of the inference. There is, however, considerable probability that a large 
tract in the Damuda valley, including the whole Raniganj field, may 
have been once covered with bedded traps. 

Palaeontology. — The following ^ is a list of the fossil plants hitherto 
described from this grou]), including the species found in the Rdjmahal 

* Vnl. Ind. Ser. II, Rcc. G. S. 1., IX, p. 34. On Plates Vlll and IX of the present work 
the following Kajinahnl plants unitignivd: — 

Plate VIII, fig. 1 . — Ptilophyllum amitifolium, 

„ „ 2. — Flerophpllum rajmahalcnse. 

„ „ 3. — P. princeps, 

„ „ 4. — CycadUes covfertus, 

„ „ 5. — Otozamit€shenffalen.ns. 

„ „ 6 . — jDictyozamifes falcatus. 

„ „ 7. — Palissya covferta. 

Plate IX, lig. 1. — la. — QUichenia hindrahunvnsis. 

„ „ 2. — Alethopteris indica, 

„ „ 3. — Pecopterh lohata. 

,, „ 4. — Tmniopteris spathulata. 

„ 5. — T, {Macrot^niopferh) fata. 
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hills^ uiid iilso tliose from Aig-arli and Golapilli. The names in brackets 
are tl)ose by wliicli the sj)e(*ies were originally described by Oldham and 
Morris : — 

Equisktace^ — 

Equiaefum raj mah ale use (J^quisetites raj ma hale ua i s) . 

Filices — 

Sphenopteris (Eremopteris) kislopi. 

S. (E.) memliravom. 

S. (EavaUioides) arguta, 

S. (Diehaonia) hhid ralnincnitis. 

S. {Ilqmenophi/l/.lles) huh bury ana. 

CtjcJ op/erla oldham i. 

V'hiunfeldia saUcifolia (71 indiea^ Fstin., Pcct/jih-ris sa/iri/o/hf, O. aiid i\l.). 
Gleichcnia hindrahunehsis (Eecopferis {Uleir/u niles) glviehcnoidca). 
Ahdhopteris Indira (PeropferU Indira). 

Asplenites marrorarpus {Peropteris marrocarpa). 

Per op ter in lob at a. 

Ta;niopleriii (]{1 aerolaniopteria) ovata (71 ovalis.O. iiiid M. iu*c. L. uitd II.). 

T. (M.) lata, 

T. (Hf,) rras.sinerris, 

7 \ (Af.) morrisi, 

T. (Angiopferidium) macrlellandi {Siangrrile,s macrltdlandi). 

T. (A.) spathiilata (Sfangerites upathulata). 

T. {A.) ensis (Stangr rites etisis). 

Ea na opsis raj tnah a / ensis, 

Ehizomopteris halli. 

CVCADEACETR — 

Pterophyl him dislans. 

P, carterianum, 

P . crassum. 

P, rajmahalcnse. 

P. propinquum ? 

P. niorrisianum. 

P. medliroiiianum. 

P. princfps. 

P. Jissiim. 

P ti lophy Hum acutifoli urn , 

P. cutcheuse* 

O/ozamifes heugalensis (Palecozanna hvngal(rn.ds, O. it AI. ; Otozamifrjt 
a hb revi at us, Fsini .) . 

0 . iH?ar O. hrevifolia {O. bmgalensis, Scl)iin|)(‘r). 

O. oldhami (Palceozamia hengalensis var. ohlusa), 

Zamites proxlmus, 

Eirtyozomite.'i falcatus [E. indicus, Fstm.; Eirtyopteris falrata , O. &. M.). 
Cyradites raj nn a h a len sis . 

C. conjertus. 

Williamsonin iu*ar TF. gigas. 
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7V. mi crops. 

Cycadinocarpus rajmahalensis. 

CONTFEEJi: — 

Palissya indica (Taxodites indicus), 

P. eonferta (Cunninghamites confertus). 

CunninghamUes duhiosus (C. inisquifolius^ 0. and M.). 

Chirolepis gracilis (Araucarites gracilis). 

C. sp. near C. muensteri. 

A raucarites macropterus. 

Echinostrohus indicus (E. rajmahalensis} Fstm., Arthrotaxites indicus, O- and M.). 

By far the greater part of tlie Rajmahal fossils liave been obtained 
from two bands of fiiie-grained whitish or greyish shales — the upper 25 
to 30 feet thiek, the lower 10 to 15 — separated from each other by a 
lava flow, and having other beds of trap with intercalations of sandstone 
and shale above and below. 

The first thing which must strike any one in looking over the above list 
is the great change in forms of life between the upper and lower Gondwana 
series, so far as we arc yet acquainted with them. It is highly probable 
that intermediate beds may hereafter be found, but for the present there 
seems to be just as great a break in the flora as there is, in Bengal at least, 
in the stratigraphy. The most striking distinction is that the prevalent 
forms in the lower Gondwanas are Eqiiisetacem and ferns of the Glossopieris 
Oycadeacem being rare, whilst in the upper Gondwanas, and especially 
in the liajrnahal group, Cycadeacem prevail, their individual abundance being 
so great that they frequently form the mass of the vegetation. In fact, 
the Cycads, and especially Etilophylhmac'iit'ifolinm^ are just as abundant 
and characteristic in the Rajmahal group as Glossoptcris and Vertebvaviu 
are in the Damildas. 

Only a sijigle species is found in the Rrijmahal group, and also in 
European strata. This is Sphenojderis arguta, found also in the lower 
oolite of Yorkshire. The specimen referred to Vterophyllum propinquum 
is too fragmentary for certain identification, and the identity of the 
Sphenopteris is by no means free from doubt. Several forms, however, 
are considered by the various pala3ontologists who have described them 
to be allied to European lias and rhaBtic plants, and a decided opinion has 
been expressed by Dr. Feistmantel that the Rfijmahal group is of liassic 
age. This conclusion may possibly be correct, but it is on the whole 
premature, and it is scarcely supported by the evidence. There is cer- 
tainly not so strong a connection between the Rajmahals and the typical 
European liassic flora as there is between the Cutch flora and that of the 

* No Bufficieut reason has been assigned for the alteration of the original specific name 
in the case of this species and of the Dictyozamites, nor does it appear desirable that the later 
term indica should replace the much older name salieifolia in the case of the Thinnfpldia. 
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English lower oolites, and yet it appears probable that the homotaxis in 
the latter case is misleading to a certain extent, and that the beds are 
really upper jurassic. Besides, taking Dr. FeistmantePs own data,^ no 
fewer than fifteen of the above species are allied to rhsetic species, whilst 
only three have a close connection with liassic plants, two of these 
having equally close rluetic relations. It is true that the European 
liassic flora is poorer than the rhsetic, but not in this proportion. On 
the other hand, six species exhibit aflSnities with lower oolitic forms. It 
has also been pointed out by Dr. Oldham * that there is a decided 
connection between some Rajmahal plants and species belonging to the 
Wealden flora of Euroi)e. Two of the llajmahal plants, viz.^ Gleichenia 
hindralnnensifi and Danaopsis rajmahalemUy are near species found in 
the upper trias, (Keiipcr,) most fossil forms of Gleichenia being, however, 
cretaceous, whilst Macrolmniopieris lata is quite as nearly allied to the 
permian M, alnormis as to any of tlic mesozoic forms, and some of the 
species of Ttcroph^/llum also have permian affinities. C^clojiteris oldhamiy 

» I*al. Tnd., Sor. II, pp. 143, 187. The Rajinabal i)lants allied to rb»tic Europuan 
f<»rni8 are said by T)r. Feisttnanlel to be — 

IKDIAK SPECIES. KlTROrEAN SPECIES. 


Hquisetim rajmahahns^f 

allied to 

E. muensteri. 

Th in nfeldia sal hi folia 


T. decurrens. 

Ahthojiieris indica 


Aspleniles rosserti. 

Aspleniles macrocarpus 

>• 

A, ot louts. 

G hiclicn ia bindrahunensis 


QleicUeniies microphgl lus. 

7^a;nwpleris macclellandi 

,, 

T. muensteri. 

Jdacrol (cniopteris lata 


T. gigantea. 

Tieroplit/lhtm d is tans 


P. {CtenophyUum) Iraunianum. 

P. princeps 


P. braunsi. 

P.Jissum 

99 

P. comptum and P. minus. 

P. near P. propinqtimn 


P. propinquum. 

Otozamites near 0 . hrerifolia 

99 

O. hrevrfoUa. 

Palisspa indica 

99 

P. hrauni. 

Chirolepis gracilis 


C. muensteri. 

C. sp. near C, muensteri 


99 

The forms with liassic affinities are — 
piqtiisctum rajmahalcnsc 

99 

E. liasinum. 

Ta'niopleris macclellandi 

99 

T. muensteri. 

Cycadifes rajmahalensis 

99 

C. linearis. 

Whilst oolitic relations are shewn l»y — 

Sphenopteris arguta, a lower oolitic species. 

Jlgmenophgllites hunhurganus al'ied to 

Tympanojihora racemosa. 

Alctbopleris indica 

>» 

A. tohilhyensis. 

Tlerophyllum fissnm 

», 

P. minus, a rhsetic species also. 

WilUamsonia sp. near TT. gigas 


W. gigas. 

Araucariles maoropterus 


An hrodiei. 


= Mem. G. S.J., IT, p. 321. 
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Sjjhenopteris menibrayiosa and S. hislopi are also most nearly connected 
with Palaeozoic forms. Taking* the whole evidence, it appears that the 
Rujinah^l flora has no very marked connection with any single European 
group, and although the facies does not differ so widely from that of all 
European fossil floras as in the case of the Damuda scries, it is only 
])Ossil)le to indicate the relative position by an approximation. Generally, 
the llajmahdl flora is most nearly allied to rluetic and lower oolite, but it 
is by no means improbable that India in Rajmahal times was separated 
from 1 be land then existing in the European area and that the two be- 
longed to distinct botanical regions, since, out of about fifty species, only 
one can be identified with a European fossil ])lant. 

Relations to Uitenhage flora of South Africa.— Again, how- 
ever, as in the case of the Damnda series, we have some indications of 
a connection with South Africa. The resemblance of the South 
African Karoo flora to that found in the Damuda rocks has already 
been noliced. Above the Karoo beds there is found another great 
series known by the name of Uitenhage,* tlie u])per portion of 
which consists of several groups containing marine fossils, and rang- 
ing in age from lower to upper jurassic, the uppermost beds hav- 
ing some neoeomian forms mixed with the jurassic species; wliilst 
beneath all the marine beds, immediately above tlie l^non conglo- 
merate at the base of the series, there is found in one locality, Geel- 
houthoom on Sundays river, Uitenhage, a set of plant-hearing beds, 
the flora of which presents some aflinilics to that of the Rajmahal 
group. The following is a list of the plants descrihed, with their allies 
in the Rajmahal flora: — 

Ftltces. 

Pccopfcris atherstonei. Allied to the Eujmalial species Alethopteris 
P. ruhidgei. i indica, 

P. afrimna. 

Asplenites lohata, identic^al with the Rdjmahal species, Pecoptcris lohata, 
tSphenojjieris aniipod um. 

Cyvlopteris jenhinsiana^ allied to C. oldhami. 

Cycadeaceje. 

Palaozamia (Otozamites) recta, 

P, (Podoza mites) movrisi, 

P. ruhidgei, 

P, (r. Pterophyllum) africana, 

CONIFEH^. 

A rthrotaxiteSf sp. allied to JEckinostrohiis indicus, 

> Tate imd Rupert Jones, Q. J. G. S., 1867. pp. 144, 149, &c. : Stow, Q. J. G. S., 1871. 
p. 497. 
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The alliances between the Cycads are vag*ue. Palaozamia rnhulgei 
has some slight resein])lance to Tterophylhm distansy and P. ctfricanay 
if it be a Plerophyllumy may be allied to P. rnorrhianumy but the 
connection is not close. The Cycads indeed appear more nearly related 
to some lower oolitic European forms. The Pecopieris lohata apj)(?ars 
however to be the commonest plant of the formation, and Cycloptenn 
jenkhidana is also found in abundance. 

Relations to Jabalpur and Cutch floras.— Owing to the preva- 
lence of the same oi Pitlopliyllufti in both, and to a genenil resem- 

blance in the flora, it was long supposed that the Jabalj)nr group and 
the plant-bearing beds of Cutch (Kacibh) were the equivalents of the 
Rajniahal group. A more carefid examination of the plants has shewn 
that there are important difl'erenccs between the floras of tlic fliff(*rcnt 
localities, and, judging by the facies of each flora. Dr. Feist inantcl has 
come to the conclusion that the Ilajmahal group is older than the otlicr 
two. It must be borne in mind that the llajmahals have never been 
found in contact vdth either of the other groups,^ and that the vie^v of 
their relative .ages is l)ased upon the relations of their fossil floras to the 
plants found in Europtjan rocks. Still the cir(*umstance that, near (\)ca- 
nada, beds occur containing marine fossils, identical with tiiose of 
sti’ata which are associated with the Cutch plant-beds, and that thtise 
fossiliferous bands have been identified, on apparently good evidence, 
with some strata which are found, near Ellore, overlying a formation 
with Ilajmahal fossils, tends strongly to confirm Dr. Feistmanters 
views. 

Ragavapuram shales. — Upon the Golapilli beds in the ntMgli- 
bourhood of Ellore ^ there is found resting a thin band of white and buff 
shales having a few interstratifications of sandstones towards the base. 
No unconformity has been detected between these shales and the 
Golapilli sandstones, but tberc appears to l)e some difference in the 
flora, for, whereas the plants found in the Golai)illi sandstones are, 
without exception, either Ilajmahal foniis or else species jx^culiar to 
the beds, the former being far more numerous than the latter, the lloi-a 
of the overlying shales comprises a few sj)ecies allied to Jabalpur plants 
in addition to several forms common to the beds below. The shales 
have been called Ragavapuram, fron. a village situated about 20 miles 


* The case of the Kota-Mnlcri beds will be found mentioned below. The supposed ident i- 
fication of the Kajmahal group in the Godavari valley, near Sironcha, npi»ears to have been 
based on insufiicieiit evidence. 

King, Rcc. G. S. T., X./p. Feistinantel, Pal. Ind., Scr. Ill, 3, p. 163. 
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ii()iTli-iiorfIi-(*ast of Ellore. The plants found eoniju-ise tlu* folJuwiiii^ 
s]»c*eios ' ; — 

Tamnptcria (J ngio^diridium) spalhnlata. 

T. {Anffiof>teri(litint), sp. 

J^t \h>j}hyllu m vn tvh ^nse. 

P. lU'ittifoUum. 

Piet'ophyllum, sj). 

Ta-rites, sp. 

Ginahf crasgipe^s. 

The two last are allied to Jahaljmr forms. With the ))lant.s are 
some marine shells, (diietly easts ; amongst thiise are some jiuuifotu/cs 
a])parently allied to middle jurassie si)eeies, the ])rineij)a] form bein^ near 
yf. opisy but distinguished by having the ribs sim])le throughout, y/. apis 
l)elongs to the subgenus ShpJtanocefas and to the group of A. mawo- 
irpJtabiSy and is found in the (.'hari and Katrol beds of Cuteh ((l^alloviaii 
and Oxfordian). Jlesides the ammonites, Leduy rectetiy GerviUuiy &e., 
i)eeur, the Leda being es])eeially eommon and eharaetcristie. 

The llagavapuram shales cannot be more than 1 00 feet thick, and 
they arc overla])jud at both ends ])y Tripetty sandstones. They closely 
resemble some shales found further down the coast near Ongolc and 
containing a similar flora, and they appear to re])resent the Sriperniatur 
group near Madi-as. 

Tripetty sandstones. — Above the shales just noticed there is 
another thin band of dark brown and red sandstones and conglomerates, 
chiefly ferrugiiuuis, with silicions and argillaceous bands and beds of 
concretionary clay ironstone. Towards the bottom these sandstones 
become softer and less ferruginous. In the main area, near Ellore, the 
^jVipetty beds ai*e only 40 feet thick. They are named from a pagoda 
called Chinna (little) Tripetty, which stands upon a scarp composed of 
them, about 20 miles north-north-west of Ellore. 

The Tripetty beds, in the main area, have only yielded fossil wood, but 
from some outlying patches supposed to belong to the same band near 
Innaparazpolliam, about 24 miles north by east of Cocanada, Mr. King 
obtained two Trigonicey — 1\ smeci and T, ventricosa , — both of which arc 
ciharaeteristie of the Umia beds of Cutch. T, veniricosa is also very 
jibundant in some upper Jurassic beds, forming the uppermost group of 
the Uitenhage scries in South Africa. 

The secpienee of upper Gondwana beds in the neighbourhood of 
J^^llore is very instructive. The whole series rests uneonformably on tlu^ 
K am this (lower Gondwana), and although the whole thickness of the 
uj)])er Goudwtina series is trifling, apparently not exceiHling 200 or 300 

' 111 tho list pvt'u ill Pal. Ind., Sur, 11, 3, p. S 165, both RiijjMvaimraiu and Sriperniatur 
loriiKs were ineludcd. 
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feet, it compri.ses roprosentativos of the Rajmaluil and Umia grou]>s, 
and of an intermediate formation. It is evident that these beds must 
rej)r('sent between tliem a considerable period of gpeolo^ieal time, for it 
is scMreely j)robable tliat the Rajrnahfil beds can be much newer than 
lower Jurassic (Bathonian), and it is certain that the Tripetty beds, 
if they are the equivalents of the Umia ffroiip, must be at the top 
of the Jurassic series, whilst the intermediate Ragavapuram shales 
arc perhaps. Judging from their Afiimomfes, on about the same horizon 
as the Chdri beds of Cutch (Oxfordian or Callovian). Yet these 
thin bands exhibit no marked unconformity. The middle group is 
overlapped at both ends, it is true, but there is no sign of any important 
break. It is clear that tlie country must have undergone very little 
disturbance in the interval between the deposition of the diihirent 
groups; and judging from this instance, it is impossible to argue from 
the small amount of discordance between successive sub-divisions of the 
(iondwana series, that ihe period of time which elapsed between the 
dillVu'ent groups was of small amount. But for the fossils, no notice would, 
in all j)robabiliiy, have been taken of the distinctions bet ween thediU’erent 
b(*<ls at Ellore, and many similar sub-divisions might bo made in such 
grouj>s as the Kamthi or Pachmarhi if the strata were fossil iferous, 

Sripermatur group.— As already mentioned, the u])per Gondvvana 
IxhIs near Madras are divided into two grou[)s,‘ the lower of whi(di lias 
been named from Sri])ermatur, a town about 25 miles west-soutb- 
west of Madras, and a well-known locality for fossil plants. Tliis group 
is j»artly conqiosed of white shales eontaining plants, and associated with 
sandstones, grits, and mhfaceous sandy shales. Conglomerates oeeur, 
especially towards the base, w])ere they are coarse and occasionally contain 
boulders of great size, Init all conglomeratic beds in ibis group are 
of loose texture and not compact. 

It is in the Sri]K‘rmatur shales that the fossils of this formation are 
found. They consist of both animals {marine shells) and plants, the 
two being found in the same beds. The shells, however, are ill -preserved, 
and have not been determincxl. They eomprise two or three species of 
A mw (miles and several lamellibranehiatc bivalves, amongst wliicli forms 
of ylucella are particularly common.* 

* Foote, IVloni. G. S. I., X, p. (jI. 

“ 111 tilt! Oiij^olt! plant bods, coiisidt!i*«*(l to be on tlio same approxiiiiato bori/oii as tb<‘ 
Sriiienmitur sbalts, tlio caudal portion of a crnstactiaii lias botm found, wliicli bi‘loiif;s to tlic 
gtums Kryon, and appears to liave some resoiublaiico to tlu* liassic s])ocit‘s E*. /iarrorptisis ; 
FoiKimaiitol, Kec. G. S. I., X, p. 103, 1, 2, 3. A iMuiipansoii of tlioso tip^uros with that, 

of K Jiarrovensis, Q. J. G. S., 180(5, p. 495, PI. XXV, fig. 1, will shew, bowever, lliat Miort* 
arc some imiMirtaiit diffortuicos b«?t.vvffii the two forms. In tin; puj>or ipiolod, tlio locality 
of tbc fossil was, by mistake, said to U; .Sripermatur. 
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a list of the plants as determined by Dr. Feistmantel, the species com* 
mon to the Jabalpur group being marked with an asterisk (*), whilst 
those found in the Eajmahal group are thus indicated (t) : — 

Filicss. 


* Aleihopteris whithyensia, 
f A. indiva. 


t Taniopteria {Angiopteridinm) 
apathulata. 

Thinnfeldia^ sp. 

CrCADEACEiE. 


=*■ t Ttilophyllum cutchenae. 

* t l^.acutifolium, 

t Dictyozamiiea falcatua, 

* Olozamites hislopi. 

O., sj). allied to O. tenuatua. 


Oiozamiiea^ 2 species iindescribed. 
Pterophyllum^ 2 sp.. undescribed. 
Cycadltea, sp. 

Cyeadolepia, sp. 


CoNlFEBiE. 


* t Paliaaya indica. 
t P. conferfa. 

* Pchinostrohua expanaus. 

* Aruucarites cutchensis. 


Taxitea^ sp., found also in the Ka^a- 
vapuram shales. 

Paohyphyllnm, sp., allied to P. 
porvyrinum. 


from the al>ove list the Sri])ennatur beds appear to he of 
rather biter age tliaii the Jlujinahal and Golajiilli group, and, like the 
KagaN'apurani sliales, to be intermediate between those formations and 
the Jabal])ur group. 

Sattavedu group, — The Ujijier group receives its name from tlie Sat- 
tavedu hills, a series of moderakdy elevated ridges lying on the border of 
the North Areot and Madras districts, about rSf) miles north-west of 
Madras. The rocks consist of immense beds of coarse, compact conglo- 
merate, with sandstones and grits intercalated. The conglomerates are 
chiefly composed, in the typical locality, of quartzite pebbles in a hard 
cement, sometimes argillaceous and ferruginous, sometimes calcareous 
and silicioiis. In other areas, the pebbles are of granite, syenite, and 
quartz. The conglomerates are several hundreds of feet in thickness. 

The junction of the group with the Sripermatur lieds is ill seen, but 
the two appear to be conformable. Only imperfect ])lant-remains have 
been obtained from the Sattavedu group ; the best preserved appears 
to be a IHctyozamitea. It is probable that this group is only the upper 
portion of the Sripermatiir beds. 

Trichinopoly or Utatur plant-beds. — Beneath the cretaceous 
rocks, near Trichinopoly, there are found,^ cropping out along the western 
ridge of the cretaceous area, and resting upon metamorphic rocks, several 
small patches of soft shales and sandstones with a coarse conglomerate, 
containing large rounded masses of gneiss, at the base. The shales are, as 
a rule, micaceous and sandy ; in places they abound in impressions of 


» H. F. niBiiford, Mem. G. S. I.. IV, p. 39. 
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leaves^ chiefly of Ptilophylluniy but these markings are frequently ill- 
preserved, and from the friable nature of the rocks, specimens are very 
difficult to transport without obliteration. Owing to the softness of 
the material, the impressions originally obtained have perished, but they 
were said to comprise Ptilophyllum acutifolinniy P. cufcAeme, Gleichenia 
bindrabunensisy and one of the species of Tmniopteru found in the Rdjmahdl 
group. ^ 

Kota-Maleri group. — The rocks of the Gondwana series in the 
Pranhita and Godavari valley south of Chanda are still imperfectly known, 
but two names of localities have been familiar to Indian geologists for 
J^any years on account of the discoveries of fossil fish by Dr. AV alker 
and Dr. llell,^ and of fish teeth and reptilian bones by Mr. Hislop.* 
The former were discovered at a small village called Kota., on the left 
bank of the Pranhita or Wainganga, about 8 miles above its junction 
with the Godavari ; the latter were procured at Maledi or Maleri, a 
village situated ^32 miles norlli-west of Sironcha, about 21 miles west 
of the Pranhita, and 30 miles north of the Godavari. 

The rocks of the Kota-Maleri group are somewhat similar in character 
to those of the Panehets of Bengal. The most distinctive beds are red 
and green clays with soft white or greenish argillaceous sandstones. 
There is, however, an entire absence of the yellowish-green micaceous 
sandstones and shales, so characteristic of the I’anchets. With the clays 
of the Kota-?»ialeri groups are associated flaggy beds of somewhat earthy 
grey limestone, and thick sandstones of various colours, usually containing 
small nodules of green clay. Clays arc less abundant in the upper portion 
of the group, which consists chiefly of coarse and loosely compacted 
sandstone, varying in colour, and containing fragments of pink and buff 
shale arranged in bands. Similar bands of shale fragments in sandstone 
arc found at a lower horizon, hut they are more common above the clays 
forming the lower part of the group. 

The limestones contain fossil fish at Kota, whilst reptilian remains 
{IJijperodapedon and Paranuchm) and Cemiodns teeth, abound in some 
places in the clays, and Esther m and portions of insects have been found 
in the shaly beds associated with the limestones. Nothing definite has 
hitherto been ascertained of the tliickuess of this group. It rests uncon- 
formably on the K am this, and for a long time it was supposed that the 
Maleri beds represented the Panehets of Bengal, whilst the limestones 
of Kota were considered to be of later date on account of their containing 
liassic forms of fish. The discovery, however, in the M aleri beds, of plant- 

^ Q. J. G. S., 1851, p. 272; 1852. p. 230 ; 1853, p. 351 ; 1854. p. 371. 

a Mem. G. S. I., I, p. 295 ; Q. J. G, S., 1864., p. 280. &r. 
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remains identical with those of- the Rajmahal and Jabalpur groups has 
rendered it evident that the former must be transferred to the upper 
Gondw&ia series, and it has also been shewn that the Kota lime- 
stones are intercalated in the clays and sandstones of the Maleri beds, 
although these limestones are above the Ceratodus and Hyperodapedon 
strata of Maleri itself.^ Remains of IlypeTodapedon have, however, been 
found in clays, pi4fesely similar to those of Maleri, and apparently at 
a much higher horizon than the Kota limestones. 

This alteration of the views formerly held as to the relations of the 
Kota-Maleri beds is supported to some extent by stratigraphical charac- 
ters. Mr. King separates from the Kota-Maleri beds an overlying 
group which he calls Chikiala sandstoncs,^^ from the village of Chikiala 
on the Pranhita, 15 miles north of Sironcha. These upper sandstones 
comprise vitreous ferruginous conglomerates, hard silieious and argilla- 
ceous conglomerates, and bands of concretionary clay ironstones, all 
having a marked resemblance to the beds of Tripctty, near Ellore ; and 
Mr. King suggests that the two formations are identical. At the base 
of the typical Kota-Maleri beds also, in the neighbourhood of Sironcha, 
are some sandstones which it has been thought may represent the 
Golapilli (Rajmahdl) group, but upon this point further evidence is 
desirable, there being no stratigraphical characters of importance to sup- 
port the conclusion. The palseontological evidence will be mentioned 
presently. 

PalaBOntology. — The following is a list of the fossils hitherto pro- 
cured : — ■ 

ANIMALS. 

Chustacea. 

JUstheria Jeetahemtis, | Candona kotahensit, 

Insecta. 

Undetermined. 


PlSCER. 


Lepidotus deeeawnsu, 
L. longiceps, 

X. hreviceps. 

L. pachylepis, 

X. calcaratus, 
Tetragonolepis oldhami. 


Tetragonolepis analis. 
T, rugosus, 

Dapedius egertoni, 
Ceratodus hunterianus. 
C. hislopianus, 

C, virapa. 


> Hogbe., Mem. G. S. I., XIII, p. 81 ; King, Rec. G. S. I., X. p. 61. Both geologists 
agree in classing together the Kota and Maleri beds. Several details are from MS. reports 
hy the geologists mcuiioncd. 
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Hyperodapedonj sp. 


Keptilia. 

1 ParasuchuSf gp. 


PLANTS. 

Filtces. 

TiBniopieris (Angiopteridium)^ sp. The gpecies found also in the Ragava.. 
puram shales. 

Cycadeaceje. ^ 

Ptilophyllum acutifoliiim. | CycaditeSf sp. 

CONIFKB^. 


Palis fiya conferta. 
P. jahalpurensis. 


Chirolepis, sp. neiir C. muensteri. 
A raucarites cutchmsis. 


A few fragmentaiy impressions of bivalve shells have also been 
found. They are not sufficiently perfect to enable the genus to bo 
determined, and it is uncertain whether they are fresh -water or not, but 
probably they are. They may lielong to the Unlonidrp,, 

Despite the very imperfect examination which these rocks have hitherto 
received, they have already yielded more genera of animals than any 

other Gondwana groups, more even than 
the Panchels. Tlie question of hornotaxis 
has consequently been much discussed, 
and a few remarks on it are necessary 
here. 

The genus Paramchtis ^ belongs to a 
typically mesozoic group of crocodiles 
with biconcave vertebrse. It is placed by 
Professor Huxley in the same section of 
this family with the European genera 
Belodon and Stagonolepis, which are almost 
confined to triassic rocks in Europe, some 
remains of Belodon having also been found 
in rhaetic beds. 

The genus Hyperodapedon 2 belongs to 
a peculiar group of lizard-like Saurians, 
considered by some naturalists to form a 

Anterior of right upper distinct order, equivalent to the snakes or 

jaw of from Mdiigli. lizards, and known as Mhynchocephala^ 
Natural size. 



1 This genuR does not appear to have been deRcrihed, hut it lias hocn so frequently re- 
ferred to in the Survey publications that it is scarcely possible to treat the name as a merely 
manuscript designation, liable to be changed at any time. See Q. J. G. S., 1875, XXXI, 
p. 427. 

^ Huxley, Q. J. G. S., 1869, p. 138. 

8 Gttnther, Phil. Trans., 1867, CLVII, p. 626. 
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but classed by others as a sub-division of the Laceriilia, This group is 
represented in the living fauna only by two species of Ilaftcria found 
in islands near New Zealand. Hyper odapedon has hitherto been found 
in Europe only in triassic rocks. 

The lish are all characteristically mesozoic. The genus Lepidotus 
ranges from the lias to the lower chalk, the Kota species being considered 
by Sir P. Egertol^who described them, as showing liassie or oolitic 



Right palatal tooth of Ceratodux hislopianux from Mangli. Natural size. 

affinities. Tetragonolepu is only known from liassie beds ; Bapedtus also 
is liassie. Cerafodm, on the other hand, is, in Europe, chiefly found in 
triassic rocks, in which the genus is rather extensively disi<ributed.^ 
Some forms have, however, been found in rhaetic beds, and one in 
the Stonesfield slate (lower oolitic). Recently the saine genus has 
been discovered living in Australia. 

Neither the Hatheria nor the Candona can be considered as very 
characteristic of age. “ The former belongs to the same group as 
E. ininuia, so abundant in the triassic and rba?tic beds of Europe, but 
represented by closely allied forms in various rocks from the carboniferous 
to the present day. The genus Candona has a similar range, and there 
is nothing distinctive in the Kota species. 

The insects have not been examined, and it only remains to notice the 
plants. These have chiefly been obtained from localities in the neigh- 
bourhood of Jangaon, south-west of Sirpur, and some reptilian remains, 
identical with those of Maleri, were found in clays associated with the 
plant beds. The two species of i)lants first discovered by Mr. Hughes 
ill these beds near Jangdon were Palissya jahaJpurensu and Araucarites 

* For dcscripiionR and figures of t he species of Lapidotus^ Tftragonolepis^ and JDapedius, 
by Sir P. Egerton, see Q. .T. G. S., 1851, p. 272 ; 1854, p. .S7l ; and Pal. Ind., Ser. 4, Pt. 2. 
The Ceratodi are described by Mr. Miall in the publication last named and (originally) by 
Dr. Oldham; Mem. G. S. I., T.. p. 295. 

3 T. R. Jones, Mon. Foss. Estheriffi, p. 78 : Q. J. G. S., 1863, p. 149. 
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eufchensis, and as these are both Jabalpur forms, it was supposed ^ that 
the Kota-Maleri beds represented the Jabalpur group. At the same time 
Valusya conferta and a Chirolepis very close to C, muensteri were 
obtained by Mr. King at Anaram, on the right bank of the Pranhita, 
from sandstones underlying the fish IkhIs of Kota on the left bank. The 
same two species had been found by Mr. Fedden in 1^^ near Jangaon, 
and as both these forms occur in the Rajmahal beds^PF Golapilli, whilst 
neither is found in the Jabalpur or Cutch groups, it was inferred that the 
sandstone at the base of the Kota-Maleri group — the Sironcha sand- 
stones of Mr. King^s classification — should be classed as Rajmahals. 
Palis,vja conferta, or a form undistinguish able from it, has, however, 
since been obtained by Mr. Hughes in undoubted Kota-Maleri bods, 
associated with a Tceniopteris and some other ])lants, found also in the 
Ragavapurain shales, and Pnlisst/a conferta itself has been detected in 
the Sripermatur grouj). Several s])ecie^of plants are, moreover, common 
to the Rajmahal and Kaxdi -Jabalpur groups; the typical flora of the 
first has hitherto never been found in Central India, but is restricted 
to a seri(*s of beds confined to the east coast, and it would, therefort*, be 
premature to identify the sandstones, near Sironcha and Jangaon, (;on- 
taining Palis, yja conferta and Chirolepis, with the Rajmahals of Eastern 
India, even if it wer(? certain that these sandstones were inferior in 
position to the Maleri clays. 

(diiite recently, the discovery of Ptilophjllum, the charat‘teristic 
genus of the upper Cxondwana series, in the Kota-Maleri beds, has con- 
firmed the idea first suggested by the conifers, that this group must be 
classed as upper Gondwana. 

It will be seen that the evidence as to age is conflicting, so 
long as these beds are compared with the fauna and flora of Euro])ean 
formations. Some of the animal remains point to a triassic ej)Och ; others 
have liassic affinities, whilst the plants have a jnrassic or rhsetic facies. 
On the other hand, Ceraiodus and IJyperodapedon, characteristically 
triassic types in Europe, are allied to animals still living in Australia or 
New Zealand. The Kota-Maleri beds, indeed, serve as a warning against 
placing too much reliance upon the affinities of fossil terrestrial faunas 
and floras with those of Europe, in estimating age or even homotaxis. 
Until the plant-remains of the Kota-Maleri group were discovered, the 
Maleri beds were classed with the Panchets, partly on account of their 
mineral character, but more because they appeared to be connected by 
homotaxis with the same Euroiiean formation, the trias, of which the 
Panchet group was considered to be representative. The Kota rocks, also, 


» Rec. G. S. I.. IX, pp. 132-35. 
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on account of their fauna, were considered higher and assigned to a liassic 
horizon. The relations of these l)eds to European formations have only 
been rendered more obscure by the discovery of the plants contained in 
them, but as several of those plants arc common to the Jabal])ur 
and Rajmahal groups, which arc well devcloi)ed at no great distance, 
it appears best to refer the Kota-Maleri beds to the same approximate 
horizon as the iagavapuram and Sripermatur groups, leaving it for 
future research to determine how far exact equivalents of the Raj- 
inahal, SripermatAr, and Jabalpur sub-divisions may or may not be dis- 
tinguished in the strata classed together as Kota-Maleri. 

Jabalpur group. — In the fiM account of the central portion of the 
Narbada valley,^ a group of rocks was distinguished as upper Dainuda.^^ 
It wa.s, however, pointed out at the time that this group was not only 
uneonforitiablc to the lower Damdda,^^ but that it contained a very 
dilTereiit flora. When, sul)soqnently, a true upper Damuda group was 
found in the Runiganj coal-field, it became desirable to distinguish the 
Narbada beds by a different name, and as they are well develo])ed in the 
immediate vicinity of Jabalpur, they have been named from that town. 

The Jal)alpur group consists of clays, shales, and earthy sandstones 
with some thin beds of coal. The clays and soft shales, which are the 
most characteristic beds of the formation, arc pale-coloured, usually white, 
pah* lavender-grey, or pale red. The sandstones arc generally coarse and 
conglomeratic. Carbonaceous shales are met with in several places, and, 
occasionally, one or more thin l)ands of jet-coal, very different in chara(;ter 
f j*om the coal of the Damuda formation. Liincstoiic is rare. At the base 
of the formation, when resting upon giieissic rocks, there is frequently 
found a coarse, compact sandstone, so hard and compact as almost to 
resemble a quartzite. It is often conglomeratic, and the matrix contain- 
ing the pebbles consists of white earthy rock in a i)orcellanic condition. 
Occasionally, but rarely, this bed is calcareous. 

The thickness of the Jabalpur formation docs not appear to have 
been determined with any accuracy. It is, however, of no great vertical 
extent, and, so far as is known, it nowhere exceeds 1, 000 feet. The 
relations of the Jabalpur group to the underlying Mahadevas have not 
been examined in detail, but there apjxjars to be conformity in general 
between the two. 

^ J. G. Modlicott, Mom. G. S. I., II, p. ITU. TIu^ .Tiibnlpur formution was at this tinio 
not cliMvrly distinpiishcd in ])luccs from the Mahudevas; The former was supposed to Imj 
the lower ; in reality the Jabalpur formation is not only newer than the Mahadevn, hut it 
appears to he the latest meniher of the W’hole Gondwdiiu series, and to eontaiii sevei*al 
plants found also in the Uuiia proup of Cuich. Further accounts of the Juhulpur ^roup 
will he found in Kec. G. S. 1., IV, p. 75 ; and Mem. 0. S. I., X, p. (11*2). 
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PaJSBOntology. — The followings is a list of the fossils found in this 
formation/ those found also in the Umiabeds of Cutch being- marked with 
an asterisk thus (*) ; whilst those also met with in the liajmahal grouj) 
are distinguiished by a (f) : — 

Filicks. 


t Sphenopterist sp. iillied to S. arguta. 
Uivksonia, sp. 

A lethopteris medlicottiana. 

* A. whitbgensis. 

A. lohijolia. 


Taniopteris {Macrvteeniopteris) 
purcusU. ^ 

Oloftsoptcrh, sp. (fragments only). 
iSagenupteris, sp. 


Cycadeaoeje. 


PterophyUu m nevhuddai cu m . 
Piiloph'pllum cutclicnse. 

* t acutifolium. 

Podozamites lanceulatus. 

P. spalhulalus. 

P. hach ti. 


Ofozamitcs hislopi, 

O. grariJh. 

O. distans. 

O. Qnguxiatus. 

“t IViUiamsonia, near 
j Ct/cadilvs allied to C. (frnminea. 


CUJV1FEB.T3. 


* t PaUsspa in d lea. 

]\ Jahalpnren.ns\ 

* Arauearilvft ciitehcnsis. 

* Ju:hi)io.Hrohufi ojpannus. 

E. rhomhiem. 

lirachgphyllum mammilla re. 


Taxi tes ienerrim vs. 

Givgko luhata {Cplopteris or Pat era 
lubata). 

Phwvieopsis. 

Czekanotvshia. 


'riie following Sliccies, awoitliiif? to Dr. Feisimantd, nrc citlior found 
in the lower Jurassic beds of England, or represented by very closely allied 


species : — 

Sphenupleris arquta, 

A lethopteris whiibpensis. 

A. lohijolia. 

J\)dozami tes lanceolatus. 
iniliamsonia, neiir W. (/if/a.^. 
Praeh i/phjjllum mammillare. 


Echinostrobus expansus. 

Arauearites culchcnsis, neat' A. phi/.. 
lipsL 

Gingko lobata near G. (Ci/clopteris) 
digilata. 


whilst one siiceies, Olozomtics gmcUuy is liassie. Alelhopieru whiih/ensk 
and Podozamites lanceolatus are also found in several localities in Western 
and Northern Asia, and in Eastern Siluiria they are associated with 
Ctfcadiles gramineus, Czekanowskia^ Phmicopsis, and some other jdaiits 
nearly allied to Jabalpur species. 


» As detorminod by Dr. Fcistmantel. See Rec. G. S, I., 1876, IX, p. 125 ; Pal. Ind. XI, 2, 


Tliu I’ollovviug arc figured on plate X 

figure 1. Alethopteris medtieotliana, 
„ 2. Otozamites gracilis. 

3. O. hislopi. 

Figures 4 & 5. Todotumiles lanceolatus. 


Figures 6 & 7. Brachgphgllum mammillare. 
Figure 8. Palissga jabalimrensis, 

,, 9. P. indica. 

Figures iO&ll. Arauearites cutchensis. 
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It will l>e seen that there are nearly as many Rajmahal as Umia sj^ecies 
found in the Jabalpur group, so far as the flora has hitherto been de- 
termined. It should, however, be remembered that the known species of 
the Rajmahal flora are nearly fifty in number, while those of the Umia 
flora are much less numerous (about twenty-two^), five of the former and 
six of the latter being found in the Jabalpur beds, which are distinguished 
by a conspicuous want of many of the commonest and most characteristic 
litljmahal plants, such as the broad-leaved species of Vtemphyllum, 

It must also be borne in mind that tlicre is a marked connection 
between the Jabalpur and Cuteh beds in the considerable proportion of 
species in both common to the lower oolitic rocks of England. Spheno- 
pkr'hs argnta^ one of the plants common to the Rajmahals and Jabalpur, but 
hitherto not found in the Umia beds of Cuteh, ^ is also a lower oolitic 
sjKieies. Rut too great stress must not be laid on identifications of 
Indian fossil plants with European, as a guide to age. 

On the whole, the Jabalpur beds are probably on nearly the same 
horizon as the Umia beds of Cutch, but possibly represent a period 
intermediate between the Cutch and Rajmahal groups, though nearer to 
the former. At the same time the circumstance that no representative of 
the Jabal])iir flora has yet been found on the cast coast of the Indian 
Ptminsula, whilst the Rajmahal flora is confined to the neighbourhood 
of the east eoa,st, suggests that the distinc^tion may be due to the beds 
having been formed in regions with a different flora. But bearing in 
mind the large amount of evidence which exists to shew that the greater 
part, if not the whole, of India proi)er was a land area in Gondwana 
times, this idea of the country having been divided into distinct botanical 
regions is less probable ihaii the theory of a dilTcreiice in age betwc^cn 
the Rijinahal and Jabal])ur groups. 

Umia group of Cutch (Kachh). — This group is only mentioned 
here because of its relations to the uppermost beds of the Gondwana 
series. The name Umia is derived from a village about 50 miles north- 
west of Bhuj, the chief town of Cutch. The group will receive a fuller 
description under the head of the jurassic formations, and an account 
will be given of its mineral character and fossil animals. 

The especial interest of this group in connection with those just 
enumerated is due to the fact that, in Cutch, beds containing plants, several 
of which are identical with those of the Jabalpur beds, are interstratified 
with rocks yielding marine fossils. 

> Dr. FoUtmaiitel enumerates twenty-eight in his Memoir, but some are varieties 
only, others stems not identified generically . 

" It is, however, found in Cutch ut a lower horizon. 
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The following is a list of the plants from the Umia beds ^ 

ALGiG. 

/ Chondrites dichotomus . — Perhaps founded on a badly perserved coniferous stem, 

Filices. 

* T(Bniopteris ( Oleandridium) vittata. * Pachypteris speeifica, 

T. densinervis. P- brevlpinnata. 

* Alethopteris tehithyensis, Aciinopteris, sp. 

'Fec(pteris tenera, 

Cycadeaceje. 

t Ptilophyllum cuichense. j * Otozamites near O. guLdiai. 

t P. acut'tfolium. j * Cycadites culchensls. 

P. hrachyphyllum. j * Williamsonia hlanfordi. 

Otozamites contigiius. Cycadolcpix pilosa, 

* O. imhricatus. 

Coni FEE 

Palissya hhoojoorensis. | * Pnehyphyllum divarivatum. 

i* P. indiea. ! * Pchhiost rohus eapansus. 

* P. near P, laxa. | * Araurarites cutchends. 

Those marked thus (*) are represented by the same or closely allied 
forms in the lower oolitic beds of Europe, being chiefly found in 
Yorkshire. Four of the species marked are considered identical with 
European lower oolitic forms, viz,y Tmiioplerh vitiala, Pccopiens whiU 
hyensisy Paohyphjlliim divancatumy and licit iuost rob as expausaSy the other 
six being closely allied. 

Species thus marked (t) occur also in the Kajmahal group. The 
forms common to the Jabalpur beds have already been mentioned. 

The homolaxis of the Umia flora is thus shown to be lower oolitic, 
yet these beds, as will be explained more fully when treating of the 
Jurassic rocks of Cutch, rest upon strata with marine fossils, amongst 
which arc Cephalopoda and some other mollusca with upper oolitic 
(Portland and Tithonian) aflinities, and are immediately overlaid by a 
bed containing neocomiari AmmonHcH and Crioceras, 

Narha bods. — At a somewhat lower horizon in the rocks of Cutch, 
a few plants have been found near a village named Narha, in the northern 
part of the province,^ in beds interstratified with the Katrol group, the 
Cephalopoda of which are considered by Dr. ^^'aagcn as corresponding to 

1 Pttl. Ind. Ser, XI, 1 ; Roc. Q. S. I., IX, p. 29. The following Uinia species are figured 
on Plat e XI : — 

Figure 1. Tmniopteris vUtata. | Figure 5. Echinostrohus exjiansus. 

„ 2. Alethopteris whithyensls, j » 6. Pachyphyllum divaricatum. 

Figures 3 & 4. Ttilophyllum cuichense. ' Figures 7 & 8. Araucarites cutchensis. 

- Mem. G. S. I., IX, p. 213 ; Pal. Ind., Scr. XI, 1, p. 80. 
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those of the Kimmeridge and Upper Oxford beds of Europe. These 
plants consist of the following species : — 

Sphenopteris cf. argnta. Olozamiles cf. contiguus. 

Alethopieris wMthyensis. Araucarites cutchensis. 

The three last are apparently identical with species found in the Umia 
beds, whilst Sphenoptms arguta is an English lower oolitic species, found 
also in the Jabalpur and Rjijmahil groups. The Alethopieris and 
Araucarites are also Jabalpur forms. This evidence, so far as it goes, tends 
to shew a great persistency in the flora, and it may indicate that the 
Jabalpur beds are a little older than the Umia group, since the connection 
of the flora found in the Katrol beds of Narha with that of the Jabal])ur 
group is (piite as strong as with the Umia plant fossils. 
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CIIAPTEK VII. 

PENINSULAR A REA. 

oondwana system — continued , details of coal-fields, etc. 

Distrilmtion of GoiKlwAna basins — Relations to existing river valleys — (inmps of Imsins — 
Origin of different groups of basins — I, RAjmaual linaiox — Tiilebirs — Dainiidas — 
Distribution of Daniudas and Dubraj pur group — Raj mab^l group — 11, Diiinnt'M, 
l)KoaAini, J^^id KahiiaiibAri keqion — A, Small basins of Hirblmm, Deogarb, ole. — 
Tangsuli — Kuiidit Kiirnyali — Sahajori — Juinti or Karaun — D, Sinull basins of 
North-Eastern llazaribagh — Knrliarbari, etc. 

Distribution of Gondwana basins. — The general distribution 
of Gondwana basins in India has already been described, but in pro- 
ceeding to give further details of the sejiarate areas in which these 
ro(*ks are found, it is convenient to divide the scattered tracts into groups 
and sub-groups. To a certain extent this grouping is simple and 
natural, there being in sonic eases several Gondwana basins at no great 
distance from each other, in all of which the same sub-divisions of the 
series are represented. A typical case occurs in the Damuda vjdley. 
But still there is frequently much diflieulty in assigning delinite limits 
to the several grouj)S, since most of them tend to pass into each other 
where the basins of one group approach those of another. 

Relations to existing river valleys, — If the view which, as 
previously mentioned, is held by some Indian geologists, he correct, 
;iiid the beds of the Gondwana series were originally deposited in river 
basins ’ closely ajqiroximating to tho.se of the streams which now drain 
the eoiintiy, it ought to be simjde to group the existing representatives 
of the series according to the river valleys in which they occur. But a 
glance at the map will shew that the largest and geologically most import- 
ant Gondwana area known — that of the Satpiira region — is situated partly 
in the drainage of the Narbada, partly in that of the Godavari, whilst 
there is considerable probability that the Gondwana beds arc continuous 
beneath the covering of Deccan traps with those of the South Kewah = 
1 Roc. G. S. T.. 1870, Vol. 111. p. 5. 

» It is ns well to cull attention here to the circntnsiunco that Ibe volcnnic oiitbtirsts of 
tbe Deecnn trap inusl have obliterated all pre-existing^ valleys, and eonscfinently if the 
direction and area of the present river v:dh‘vs eorrii.spond in any way with those of jno- 
trap]>ean times, it ran only hi* hy siecidmit. 


I, 
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iiiul Soliag'piir field, which forms in places the watershed between the 
Son, a tributary of the Ganges, and the affluents of the Mahanadi, and 
extends for some distance into the valleys of both rivers. In this 
ease, therefore, some other guide to the principle on which the dif- 
ferent basins should be grouped must be dcteclod. If the Gondwana 
series, as all Indian geologists believe, arc fluviatile deposits, either 
the whole wTre accumulated in one great system of river valleys or in 
several detached drainage areas. The extent of country over which the 
Gondwana rocks arc known to occur is not by any means too great for 
these beds to have been deposited by one river. The whole area scarcely 
(‘xeeeds the])resent alluvial ])lain of the Ganges, w^liich is only a river of 
the second magnitude, and all might be easily comprised within the deposits 
of such streams as the Mississipi or Obi. It is probable that if theGond- 
w anas w'cre accumulated in different river basins, there Avould be a 
well-marked petrological distinction betw^een the corresi)onding groU])s 
from top to bottom ; if all the beds w^cre deposiled in one gniat 
basin, tliere might still be distinctions in places due to the different 
forms of the detritus derived from the pre-existing rocks in various parts 
of the area, and probably to unequal changes of levtd, but there would 
be a tendency to a passage between the beds in different parts of the 
country. 

Groups of basins. — It has been already pointed out that the cha- 
racters of the Tulchirs and llaiakar groups are similar throughout the 
Gondwana area, and that these groups ai*e almost everywhere found at 
the base of the series, the few exceptions which occur being mostly in 
the case of small and detached outliers. So far, therefore, the evidence is 
strongly in favour of all the Gondwana areas having been deposited in 
one river valley oi' system of river valleys. It is the groups above the 
ilarakars, the upper j)ortion of the lower Gondw^flnas, and the wdiole 
of the upper Gondwrina series, which vary in the different regions. 
Partly by means of these higher rocks, and partly by geogJva[)hical posi- 
tion, we may classify the different basins of the Peninsula as follows • 

1. — llajinMlial rc'|?ion. 

II. — nirbhum (lloorblioom), Deognrh (Deogurli), and Karliurburi region. 

III. — Damiida (Dnnioodiir) valley region. 

TV, — Son (Soane), M^liunndi, and liralitnani valleys, 

V. — Sat|nirii region. 

VI. — Godavari valley. 

VII. — East Coiust region. 

The eastern regions. Nos. I and VII, consist of one or tw^o upper Gond- 
wana groups either isolated or resting on some member of the lowxu* 
Gond\Minas. In the Il^jmahal hills the nj)per Goiidwfinas rest upon the 
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Burakars, near Ellorc on the Kamtliis. In the Birblium basins only 
the lowest groups, the Talehirs and Barakars, are found, ]>ut in tlie 
Damuda valley there is a magnificent series of lower Gondwana 
beds, with only a few small outliers of the uj)per j)ortion of the series, 
and even these outliers arc imperfectly identified. In the Sati)ura basin 
there apj)ears lo be a full rej)resenhition of the wdiole scries, whilst both 
ill the Mahanadi and in the Godavari valley there is a break above; the 
Barakars, although the up^ier portion of the lower Gondwana series is 
represented, aiid in the Godavari, at all events, some of the upper 
Gondwana gi’oups are largely developed. 

Origin of different groups of basins.— These differenees may 
1 m 3 due to the eireunistanee that the main system of river valhys in 
^vhieh the Talehirs and Barakars were deposited was broken up at the 
end of the Barakar period, and whilst in some tracts, as in the Damuda 
valley and Satpura hills, beds continued to be deposited, in others denu- 
dation may have taken place. The eruption of the Kajmahal traps 
was probably marked by much disturbance, and they apj>ear to have closetl 
the Gondwiina period* in Bengal, although higher deposits are found to 
the west and south. The marked difference between the formations 
resting upon the Barakar group in the Damuda and Mahanadi valleys 
respectively may point to the elevation of the Chutia Nagpdr highland 
at a ])eriod immediately subsequent to the close of the Barakar epoch, 
and the rise, though gentle at first and insufficient to produce much 
disturbance in the lowest Gondwana groups, may have been aceehu*ated 
subsequently, and have culminatctl Ixjforc the f)eric)d of the llajmahal 
outbursts, thus coinciding in time with the main faults of the Damuda 
valley coal-fields, li is true that no outliers of the Gondwana series 
have hitherto been discovered on the Chutia Nag])ur highlaiul, and 
that on the eastern flanks of the plateau the ^ralchirs, and occasionally 
the Barakars also, are found exposed in valleys in a manner which 
suggests ihat the lower Gondwjina beds occupy the hollows in which they 
were originally dei)osited. Tluire is, however, sonu* remarkable evidence 
in su]q)()rt of the view that- high outliers formerly existed, and the 
occurrence of lowei* Gondwana rocks in hollow^s by no means precludes 
the idea of great changes of level having occurred since the deposition of 
these beds, since, as already pointed out, the soft Gondwana beds would 
w^ear more rapidly than the harder inetamorphii; rocks on which they rest, 
and hen(*e the old surface inequalities w'ould have a tendency to be repeated. 

One of the highest hills in the westcrji part of the (.'hutia 
Nagpur table-land is that- of Mailan Pat, in Eastern Sirguja.* The 

* All dctnils sin* from nmiiiisrriiii iiolog. 
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iil)per part of tliis liill, which has a flat to]), presents tlie followin 
section : — 


feet. 


1. Liiterite, about 

2. Dt'ccuii trap 

y. fc^iiiidstoiie, caicaroous above 
4. (-Juciss 


100 

150 

50 


The sandstone No. 3 , which is refeiTcd to the Lameta group (creta- 
co(Ais), contains in ahundanee pebbles apparently derivtid from the lower 
(jondwana series, and probably from either Barakars or Panehets. So little 
disturbance has affected the region since Lameta times that it aj)j)ears 
more reasonable to infer that these pebbles were derived from l)eds 
then existing at a higher level on the Chutia Nagpur highland than to 
suppose that the Lameta l)eds and overlying trap have been raised to 
their present elevation by a local movement in which the whole neigh- 
bouring country did not participate. 

There are several exarnjdcs in tlie same neighbourhood of lower 
Gondwana beds apparently raised to considerable elevations. One is 
the occurrence of Bai4kar and Talchir beds at Chope on the Hazari- 
bagh jdateau; a second^ the occurrence of sandstones, j)robal)ly, to 
judge from tlieir mineral characters, of Barakar age, capping Madaghir 
hill, 2,51)1) f(K‘t high, about 5 miles north of the northern scarp of the 
('hutia Nagpur table-land, and 3 miles west of the Karanjmra coal-tield ; 
and a third, the existence of outlying masses of Damuda sandstones on 
the higli gneiss hills of Mahtin and Pindura, west of the Chutia 
Nagpur table-land, on the ridge of hilly ground separating the basins of 
the Son and Mahanadi rivers. 

Tlie preservation of so complete a scries of rocks in the Satpura 
region is doubtless due to the protective covering of the Deccan trap^ 
and the same prcscj-vative agency may liavc been the cause of so lai*g(^ 
an area of soft sandstones still remaining in the Godavari drainage and 
in the uiiiier valley of the Son. In the same manner the traps of the 
Rajinabal hills have doubtless prevented the removal by denudation of 
the Barakars exposed on the flanks of the range, and it is quite jiossible 
that to the former extension of the same trajis to the west and south- 
west we owx* the existence, at the ])resent day; of the valuable coal-fields 
in the Damiida and Barakar valleys. If this view be correct, and the 
in'eservalion of the existing Gondwana basins be due to local jirotective 
<raus(*s, it is probable that the members of the series formerly covered an 
i‘uorm<Mis area, and that by far the greater portion has been removed by 
denudat ion. At the same time, this view is by no means generally accepted 
by Indiun geologists, and the opposite opinion, that the original area ol 
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tlic Goiidwaiia basins differed but little from tljat now remaining, is held 
by good observers, who have carefully studied the formations in tlie 
held ; and it is remarkable, if the Gondwana beds formerly occupied a 
wide area, that outliers are not more abundant. The outliers which 
exist are mostly of Talchir and Eardkar rocks — a circumstance which 
rather favours the view above suggested that those groups were more 
extensively distributed than later sub-divisions of the .system. 

1. — Eajmahal region. — It appears best to describe the Rajmahal 
Gondwana area apart from all others. The u])per Gondwana beds are 
identified by their flora with some of those found in the ouicrop.s along 
the cast coast of the peninsula ; but the intcrstmtification of these beds 
with basaltic lava flows is peculiar to the present tract. The lower 
Gondwana beds of the Rajmahal hills may have been connected with 
those c)f the 1)asins in Birbhlhn and the Damuda valley. 

1. — Rajmahal Hills. — A range of flat-topped hills with a general 
direction from north to south., and chiefly corn})OS(‘d of basaltic roek.s, ex- 
tends from the Ganges below CV)]gong to the neigh bourhood of Soory in 
Birbhiim. 'lliese hills are usually called the Rajmahal hills from the 
town of Rajmahal on the Ganges close to their north-eastern corner, 
whilst the tract of country including them is generally known as the 
Daman -i-fc oh. ^ 

To the w(‘st of the range lies the great \nKlulaling area of met.a- 
morphic reeks included in the districts of Bhagalpur and Birbhum, 
broken only by occasional isolated ])eaks; to the cast is the alluvium of the 
Gangctic plain. The River Ganges runs round the northern extremity of 
the range, and for some distance close to its eastern edge, whilst the 
original or loo])-Iine of the East Indian Railway skirts the eastern and 
northern margin of the hill country tliroughout. 

The Rajmahal hills are almost flat-topped; but tlie plateaus by which 
they are capped have, in general, a low dij) to the eastward, corre- 
sponding to the prevailing dij) of the rocks. This dip disappears in 
the northern portion of the hills. The plateaus are extensive, and are 
inhabited and cultivated. The range is drained and divided by 
three streams, all of which traverse it from west to oast ; the 
Giimani to the north, running nortli-east througli the Chnparbliita Pa.ss to 
join the Morel or Morang, which runs nearly from nortli to south within 
tlie hills ; the Bansloi, whieli runs through the Paehwara Pass ; and 
the Brahrnani, which scjiaratcs the hills of the Daman-i-koli from the 
southern portion of the range known as the Ramghar hills. 

* Foot of tlio liills. This iininc was origiunlly api)lu‘d lu the* tracts at tli * wcsii rii base 
uf the rati#jfe. 
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The (ii>n(]\\'aua rocks ' oceiiiTiii^ in tliis tract consist of the following 


forniatiojis ; — 

Approximate 
thii'knoR.s in feci. 

Enjumlifll grronp (cliirfly volcanic) .... 1,500 

Dubrnjpiir group (Maliailcvn ?) 450 

Barakar 600 

Talchir ? 


As already mentioned, the whole of the beds in the sonihern part of 
the area dip from west to east, and the hard hasaltic lava-flows form 
scarps to the westward, and dip away gradually to the eastward until 
the whole of the rocks disjippear heneath the alluvium of the Ganges 
valley. In the northern part of the hill tract the rocks api)car to he 
nearly horizontal. To the south the western houndary of the si»dinient- 
ary beds, inferior to the traps, is a line of fault running from iKu tli 
hy ivest to south })y (»ast. Further to the north these sedimentaiy 
heds rest dii*e(*tly upon the rnetamorphic rocks. The heds heneath the 
traps are chiefly ex])Osed al(»ng the western houndary and in the 
valleys of some of the streams which traverse the hills: only one instance 
is known of the ap])earance of sandstones to the cast of the hills. By fa** 
the greater portion of the arija is tmtirely composed of hasalticj traps, 
whilst a large tract on the hill-tops is covered with a thick accuinu- 
lat.ion of latcrite. 

Talchirs. — Tlie Talchir formation is very poorly represented in the 
Kajmahal area, fhe few tracts of it which are found being apparently only 
small portions which have escaped denudation. In no other area in Bengal 
is there so much appearance of irregular overlap of this formation by the 
Barakar group. The principal localities at which Talchirs have been 
detected on the western side of tlic Eajmahal hills arc in several places 
a few miles east of the small civil station of Godda, one of the patches 
occupying about 5 square miles of country. There are also two little 
inliers, one of them surrounded hy traps, about 8 to 10 miles furtlier 
norih-north-cast, and another small inlier some 20 miles to the south. 
None of the tracts presents any j)eculiarities ; the heds seen are the usual 
greenish silts and sandstones, and the boulders so commonly associated 
with the formation have only been found in tlie Narganjo tract south of 
Godda. There is, however, a boulder bed, which may he of Talchir age, 
at the base of the Damuda foiTuation on the Brahmani river, and in 
one or two other places in the same position. 

Damudas. — The Damuda rocks occur also in isolated tracts, separated 
from (‘ach other hy larger areas, throughout which higher strata (Duhrajpur 


1 For a conn»lfte uccouiit by Mr. Ball, see Mem. G. S. I., XITI, pi>. (155)-(248). 
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beds or Ilajmuhals) rest directly upon the metamorphics. The principal 
of these tracts of Damuda rocks l)eginning from the north ai’e — 

1. The Hura coal-field, a tract about 15 miles from north to south 
at the north-western ed^e of the hills near Manhiari. This tract com- 
mences al)ont 1;3 miles south-east of Col^on^, and lies for the most 
part outside the range of hills and on the edge of the Garigetic allu- 
vium. 

2. The Chuparbhita coal-field ai. the western end of the gorge 
through the hills cut by the Gumani stream, and known as the 
Clmj)arbhita Pass. This tract commences about 10 miles south of the 
last, and is of irregular form, the rocks being partly exposed to the west 
of the l)asaltie trap ranges, partly in valleys excavated in the overlying 
trap. The greatest length is about 8 miles. 

3. The Pachwara field, similarly situated to the last, at the western 
end of the gorge exit by the Bansloi and known as the Paehwiira Pass. 
A eonsiderahle .area of the Damuda rocks is liere exposed, extending 
about 7 miles from east to west and 6 from north to south. 

4. A strip of country about 8 miles long on the western flank 
of the hills, commencing near Mahuagarhi hill, 5 or fi miles soutli 
of the Pachwara area, and only separated by about 2 miles from the 
next tmet to the southward. With this tract several inliers to the east- 
ward within the range arc connected, the latter exposures being surrounded 
by Dubrajinir beds or trap. The strip west of the hills is traversed by a 
stream tributary to the Brahmani called the Giimra; the principal inlier 
within the ranges is near a village called Gopikandar. 

5. The Brahmani coal-field, which extends for about 10 miles along 
the valley of the river from which it is named. 

Besides these larger exposures of Damuda rocks, some smaller areas 
occur, which arc for the most pai-t of minor importance. One of 
these is found at Patliarghata, about G miles below Colgong on tho 
Ganges. Here arc a few isolated hills surrounded by the alluvium, 
and comp osed of white sandstones and clays resting upon gneiss 
and capped by trap. One or two isolated outciops intervene between 
this locality and the larger exposure to the south-east. Another small 
patch of Damuda rocks is found aiPir Pahar, 5 or G miles north-west 
of Ilajmahdl, where several smfdl hills of coarse sandstone occur sur- 
rounded by alluvium.' 

In all the tracts named, except those near Manhiari and Colgong, 
the Damuda beds are of the usual Barakar characters, and consist of alter- 
nations of grit, sandstone, and shale, with occasional beds of inferior coal. 

’ This has been suggested as a suitable locality for boring for coal, aud iiu attempt has 
been made to explore the rocks, but hitherto without success. 
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All the coal scams hitherto found in the Rdjmahal area are poor and 
shaly, though many of them are of considerable thickness and can 
furnish a large quantity of inferior fuel. In the Hura tract the Damiida 
beds are similar to those of Pathfirghdta, and consist of friable fclspathic 
grits^ (the felspar decomposed,) and soft white shales with a few thick 
seams of inferior coal. It has been suggested by Mr. Ball that these 
beds may belong to a higher horizon, as they present some resemblance 
to the Raniganj group of the Damuda coal-fields. 

The Damuda beds arc in many ])laces disturbed and faulted, so as 
1o contrast strongly with the Malnodevas and Rajmahals resting ii])on 
them. The unconformity is well marked and unmistakable, and there 
a|)pears every reason for supposing that the coal-bearing rocks hail in 
this area been upheaved and denuded until only isolated basins were 
left, before the deposition of the overlying Dubrajpur grits. 

Distribution of Damudas and Dubrajpur beds.— The distribu- 
tion of these latter beds is most peculiar, and in order to cx])lain it 
and at the same time to give a few further details of the Damudas, 
it is as well briefly to describe the sedimentary beds intervening 
between the traps and the mctamorphic formations on the west flank of 
the Rajmahal hills, beginning from the north. South of Manhiari, 
the Damiidas of the Hura field arc found to be only 60 or 70 feet 
thick, resting upon the gneiss and capped by trap with inter-trappean 
layers, the Damuda beds being the white argillaceous shales and sand- 
stones, as at Patharghata. A few miles to the southward these latter beds 
become thicker and more caibonaccous, and contain seams of inferior 
coal. They, however, thin out again further south, and just before they 
disappear, beds of the Dubrajpur group come in below the traps. A few 
miles farther south, near a small Santhfil village called Simaldhap, the 
trap rests directly on the metamorphic rocks. There are but two other 
instances of these two formations being in contact ; one is about 12 miles 
further south, the other a short distance to the eastward, within the 
Chuparbhita Pass. The trap near Simaldhap rests upon the gneiss for 
about a mile, when the Dubrajpur group of rocks again comes in between 
the two. This Dubrajpur group has already been described in the last 
chapter, it differs widely in character from the Damudas, and consists of 
coarse grits and conglomerates, often ferruginous, containing quartz 
and gneiss pebbles, with occasionally hard and dark ferruginous bands. 

At the Chuparbliita Pass the Damuda rocks come in again beneath the 
Dubrajpur beds and run up the lateral valleys : the character of the 
Damudas, here and to the southward, is more that of typical Barakars. 
lor some miles to the north-cast on the sides of the pass, the 
Dubrajpur grits intervene below the traps, but at length they thin 
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.out, and the volcanic rocks rest directly on the Barakars. Soutli 
of the Gumani valley the Barakars disappear once more .on the 
western flank of the hills, and only the Dubrajpur beds occur 
between the traps and the metamorphic rocks; the foimer recur, 
however, to the south in the Bansloi valley (Pachwara Pass), and 
here also, as at the Chuparbhita Pass, the Dubrajpur rocks are only 
found at the western end of the valley and disappear to the eastward, 
where the traps rest directly upon the Damudas. Again, south of 
the Bansloi, the Dubrajpur beds alone appear, about 250 feet thick, 
beneath Mahuagarlii hill, but only for a few miles, for the Bardkar rocks 
come in again south of the hill, and extend thence southward, with only 
one break of about 2 miles, to the Brahmani, the Dubrajpur grits rest- 
ing upon them throughout. South of the Brflimani valley only the 
Dubraj])ur beds arc met with along the edge of the hills, but as the 
l)Oundary is a fault, Damudas mayexist beneath the surface. Both in the 
Brahmani valley and in several isolated patches of Dainuda rocks within the 
hill area to the north, as at the Chuparbhita and Pachwara Passes, the 
Dubrajpur beds disappear to the eastward, and the traps rest upon 
the Barakars, so that throughout the whole area the former are evi- 
dently confined to a narrow strip of country along the western edge 
of the hill tract. There is clear evidence in the Brahmani valley and 
elsewhere that considerable denudation of the Dubrajpur beds took place 
before the commencement of the volcanic epoch, and there is reason for 
believing that the disappearance of these beds to the eastward is due 
to their having been removed before the lava flows commenced. 

Bajmalial group. — The following general section of the Bajmahal 
group occurs in the northern part of the hills. The thicknesses, in the 
case of the volcanic rocks especially, arc mere approximations, the beds 


varying greatly in this respect : — 

Feet. 

1. Basalt, in flows of varying thickness, about .... 1,000 

2. Hard quartzose grit 5 

3. Compact basalt . . . . . . . -k 

3. Soft crystalline basalt . . . . . . j 

4. White shale, hard and finc-grnined, with fossil phmts and 

sandstone .......... 30 

5. Basalt, with much olivine ....... 50 

6. White shale 15 

7. Columnar basalt . 

8. Black carbonaceous shale 2 

9. Columnar basalt . 50 

10. Coarse fcri*uginous sandstone 50 

11. Basalt, generally soft and containing much olivine . , 

12. (a) Pisolitic iron ore 0 O'' 

(i) Carbonaceous black shale 10 

13. Basalt, soft, with olivine, about 100 
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Tlu‘ wliolo oI this so(;tioii is not ex}K)Scd anywlierc. The soi)arate 
l) 0 (ls of which it is comj)()Scd are of unequal distribution, and variable 
in thickness, and it frequently happens that great changes in the 
d(»vclo])inent of the different beds, both volcanic and sedimentary, take 
place in the course of a few miles. The only sedimentary formations 
which have an extensive distribution arc the white shales Nos. 4 and 0, 
l)ul, ev(^n these are often very poorly seen south of the Brahmani lliver, 
where ihoj appear to rest directly upon the Duhmjpur grits, and to be 
inferior to all the basalt flows. It is from these white shales that all 
or nearly all the rich fossil flora of the Ilajmahal group has been 
obtained. The principal fossil localities are in the northern portion of 
the liills.^ 

The trap rocks are all dark-coloured doleritcs ; they vaiy in character 
from a line-grained, very tough and hard rock (anamesite), ringing under 
the hammer, and with the edges of its fracture almost as sharp as 
those of a quartzite, to a comparatively soft coarsely crystalline basalt. 
The latter usually contains oliAnne in large quantities. Many of the trap 
rocks arc amygdaloidal, the enclosed nodules usually containing some 
form of quartz, cither agate, chalcedony, or rock crystal. Occasionally, 
but less frequently, zeolites are found, stilbitc being the commonest, 
natrolite less abundant ; analcimo has also been detected. It is not 
usual to find the cavities lined \^dth green earth, as is so frequently the 
ease amongst the amygdaloids of the Deccan scries. The basaltic flows 
above the sedimentary bands arc, as a rule, compact ; the most amygdaloidal 
traps arc Nos. 5 and 7 of the section. 

Very little light is thrown on the source of the basaltic rocks l)y 
any observations within the Rajmahal area. Dykes are rare, and there 
is only one instance known of an intrusive mass which may mark the 
site of an old volcanic outburst. This is about 22 miles south-south- 
east of Colgong on the Ganges, close to a place called Simra, where ii 
group of small conical hills occurs, composed of pinkish trachyte, porphy- 
ritic in places, and surrounded by Damuda rocks. The surface of the 
ground is much obscured by superficial deposits, but there appears good 
reason for supposing that the core of a volcanic vent is here exposed. 
It appears not an unfrequent occurrence that the later outbursts from a 
volcano are more silicious and less basic than earlier eruptions, and that 
a volcanic core, even when the lava-flows have been doleritic, should 
itself, when exposed by denudation, prove trachytic. This may be due 

1 The most important localities arc Ilinclrabiin and Burio, the former a small villag’e 
sitiiaied about 4 miles soutli-West of Teliagurlii Fort on the Ganges, and 8 or 9 miles south- 
east of Pir Pynti station on the East Indian Itailway ; tlie latter a large village in the Morel 
valley. 
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to the solution of tlic* lii^i^lily silicious motamorpliie rocks, tliroui^'h which 
the oiithurst took place, by the molten lava remamirifi^ in the fissure 
after the eruption, and the consequent conversion of that lava from 
a basic into an acid rock. 

Reference has already been made to the evidence in favour of sup- 
posing* that the trap dykes and intrusions in the fields of the Damiuhi 
v.alley are of R.ajmah»al ag*e, and both dykes and cores of basalt are common 
in the portion of Rirbhuin lying; south-west of the llajmahal hills. 
It is possible that the principal vents lay in this dir<‘ction, or they may 
have l)Con in the region now covered l>y the Ganges alliiviun). I'he 
difficulty of deterTuining the original source of eruptive rocks will 
l)e again illusti’at(*d in tbii case of the Deccan traps. 

II. — BiirniiuM, Deoc;aii>i, and KAiiiiAiinAiu reoton, — All the Gond- 
wana basins comprised in this grouj) arc of small size, and only 
lower Gondwiina beds arc found in them. They serve to connect the 
liajmahal outcrops with those of the Damuda valley, and appear to 
indicate that the lower Gondwjma beds once extended over a great part 
of Western Birbhum and Northern Hazaribagh. For convenience sake 
they may be divided into two sections, eastern and western. 

A.— Small basins of Birbhum, Deogarh, etc.—Scattered over 
the metamor])hic country west of the Ra,imahal hills and north of 
the Damuda valley, there are several small basins, prineij>ally composed 
of Talchir b(‘ds, but occasionally containing Barakars also. They arc of 
small geological importance and of no economical value, and they require 
but brief notice.' 

1. TangSUli. — About 6 miles south-west of the spot where the Diihraj- 
piir beds and the traps of the llajmahal area disappear beneath the allu- 
vium north of Mahammad Bazar, and between 5 and 6 miles north-west of 
the civil station of Soory, the principal town in Birbhum, there is a small 
tract of Barakar rocks about 2 miles long from north-west to south- 
east and a mile broad. The beds exposed arc sandstones, grits and 
conglomerates, with some carbonaceous shales containing thin scams of 
coal of no economical value. The beds form apparently a small basin- 
shaped synclinal. 

The onlj" interesting point about this field is the absence of Talchir 
beds. In this respect it differs from all the oiher Birhhum fields. It is 
intermediate in position between the K’hiiganj coal-field, which com- 
mences nearly 20 miles aTvay to the south-west, and the llajmahal area, 

' Of the greater number of these outliers no account has ever been published. It is 
consequently nccessnry to give a few detnils us to the position of each. The same remarks 
ai)ply to the small basins in Hazaribagh, most of which were mapped several yours age 
hy Mr. VV. L. Willson, 
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and it is worthy of notice tliat throughout the north-eastern portion of 
the lianiganj field the Talehir formation is absent, as in the Tangsuli 
l)asin, and the Barakars rest directly on metamorphic rocks, whilst in 
the Rajmahal area the Talchirs, as has been already pointed out, are 
poorly represented, and are, as a rule, wanting. The Tangsuli basin should 
perhaps be classed in the same group as the coal-fields of the R^jmahal 
hills. 

2. The next exposure of Gondwana rocks occurs about 13 miles 
west by north of the last. On the Sidh Nadi, about G miles ^vest of 
its junction with the Mor, there is a small tract of sedimentary rocks 
about 4 miles from east to west and from north to south. It lies 
about G miles north-east of the town of Kandit, and consists entirely 
of Talchirs. The southern boundary is a fault. 

3. On the same stream, the Sidh, about G miles south-west of ihe 
last-named patch and 5 miles west- north-west of Kandit, is a very small 
basin of Talehir rocks, about a mile in length from noilh-wcst to south- 
east, and less than half a mile broad. This basin is a simple synclinal. 

4. Kandit Karayah field.^ — This commences 4 miles north-west of 
ihe last; it is about 4 miles in extreme length from north-west to south- 
easi, and rather more than a mile broad. Both Talchirs and Damudas 
are found, and the latter contain one or tw^o very thin seams of coal, 
the thickest only measuring 14 inches. The greater portion of the field 
consists of Talehir rocks. The beds have throughout a dip to the south- 
west, and ai'c cut off in that direction by a fault extending the wdiole 
length of the field. 

All the preceding fields are in Birbhum ; those next mentioned are 
in Saruth Deogarh, i)art of the Santhal Parganahs. 

5. Sahajoii field. — The next tract of Gondwjuia rocks commences 
within a mile and a half to the north-west of the last. It is much 
larger, being nearly 10 miles in extreme leiigtli from north-west to south- 
east, by about 2 miles broad where widest, and it covers an area of 11 
square miles, of which 5 arc occupied by Barakar rocks and the remain- 
der by Talchirs. The Barakars, which are about 400 feet thick, consist 
of the usual felspathic sandstones, grits, conglomerates and shales, with 
a few very thin seams of shaly coal. The Talchirs are much thicker. 
The boundaries of the area are for the most part natural ; a fault traverses 
the field from north-west io south-east, and there are a few other faults 
of smaller importance. The Bardkars completely overlap the Talchirs 
and rest upon the gneiss at the south-west margin of the area. 

* For a more dctiiileil acoouiit. of tliis and ilie two following tracts by Mr. Huglie.*?, sec 
Mem. G. S. 1., VII, pp. (21.7)-(255). 
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6, 7, 8, 9. On the Adjai river, whi(?h runs from north to south 
between the last-described tract and the Karaun or Jainti field, there is 
a patch of sedimentary beds about 3 miles long by a mile broad. 
Another little patch, only about a mile in length, comes in west of 
the river and north-west of the larger tract, and a third equally small 
is seen in the river, 3 or 4 miles north of the exposure first named. About 
3 miles further south are two more patches just west of the river, 
and about half a mile apart, each about a mile long from north to 
soutli, but less than half a mile broad. All these little outliers are of 
Talchir beds. 

10. Jainti or Karaun field. — This is the largest of the small basins 
of Gondwana beds in the Deogarh and Birbhum area ; it commences 
about 3 miles west of the Sahajori field, and is about 16 to 17 
miles in extreme length, but nowhere much more than 2 miles broad, 
and it is of peculiar shape, the greater portion of the field being a. 
narrow band running west by north to east by south, with an extension 
for several miles to the southward from the eastern extremity. The 
area eomj)rised is 24 square miles, of which only 5 consist of 
Ihiriikar rocks, the remainder being T«alchir. Tliis field lies west of 
the Adjai river, rather more fhan 20 miles south of Deogarh, and tlie 
southern extremity li(\s about 6 miles north of the town of Jamtarra. 
The Jainti area is traversed l)y the chord line of the East Indian 
Railway. 

The relative ])Ositions of the Talchirs and Bariikars in Ibis field differ 
from those observed in the Sahajori and Kandit Karayah basins in one; 
important point. In botli the other areas the general dip of t]\e beds 
is south-west, and the fields are more or less cut oil* by faults along their 
south-west boundary. In the Jainti or Karaun field there is certainly 
a fault along the extreme southern boundary of the portion whicli 
extends south from Karaun, but the main area lying north of Karaun rests 
upon the gneiss to the south and dips northward, the northern boundary 
consisting in great part of a faidt running a little noi-th of west. This 
fault is therefore i)arallel to the great fault boundaries of the Damuda 
valley, though the throw is in the reverse direction. 

The Barakars arc in two separate patches along the northern bound- 
ary, the eastern being much the larger of these patches. Some thin 
seams of infeiior coal have been found in tliem. The Talchirs, both in 
this and in the Sahajori field, are well developed, and boulders of great 
size occur in many places amongst them. These boulders comprise, 
besides granitic and gneissic rocks, quartzites apparently derived from 
the rocks of the Khargy>ur (Kurrukpoor) hills distant about 60 miles io 
the north by west near M»>ngbyr. C\mcrelions of impure argillaceous 



174 


GEOLOGY OF INDIA— GONDWANA SYSTEM. [Chap. VII. 


limestone are not uncommon in portions of the Talcliirs, and a few fossil 
j)lants have been found in these concretions. 

II. A small basin of Talchir rocks, 4i miles long and about a mile 
broad, occurs on the Patro Nadi, 14 miles south-west of Deogarh, and 
11 north of the extreme Avestern end of the Jainti field. 

B.— Small basins of North-Eastern Bkizaribagh, including 
Karharbari. — This group of basins is mei’cly a continuation of the 
last to the westwaixl, and it comprises in the same way a number of 
small detached tracts, chiefly consisting of Talchir roc^cs and dispersed 
over the surface of the mctamorphic country. Only one is of much 
economic importance. It may be mentioned here that no basins have 
been found in the northernmost portion of the Ilazaribiigh district, and 
only one extends for a very short distance into any part of Monghyr. 

VZ. A second patch of rock on the Patro Nadi, about ^ miles wesf 
of that last mentioned, and situated partly in Parganah Kharagdiha ^)f 
Ilaziiribagh, partly in Parganah Cliakai belonging to Monghyr. It 
consists entirely of Talchirs, and covers less than a square mile of ground. 

13. A small tract of Talchirs, barely a mile long, on the Jainti Nadi, 
11 miles souili by east of the last, and 4 miles west of the extreme end 
of the Jainti field. 

14. All irregularly-shaped area, 6 miles south of the last, and a short 
distance north of the Barakar River, about C miles long from north to 
south, and varying from a mile to 3 miles broad. It is close to the 
villages of Deopiir and Ehalapur. 

15. A long basin extending for more than 10 miles along the Bara- 
kar river, where this stream forms the boundary ])etweeii tlie districts of 
]|azaril>ngh and Manbhum. The western edge of this basin is between 
5 iiud (i miles south of the Karharbari eoal-lield. All the four basins 
hithiu’to mentioned contain only lYilciiirs. 

Ki. Karharbari (Kurhurbalee) coal-field.’— This small field has 
attracted great attention, ill consequence of the superior quality of the 
coal found in it. It lies 17 miles south -south-east of the town of Kharag- 
diha, 16 miles north-cast of the liigh hill of Pareshiulth, close to tlie (i raiid 
Trunk Road, about 15 miles west of the Jainti field and about 23 miles 
clue north of the Jharia coal-field in the Damuda vallc^y. It is milc^s 
ill extreme limgth from west-north-west to east-south-east, and about 
2] miles broad, audit comprises 1 1 scpiare miles, of which 8 consist of 
Karharbari rocks, and the remainder of Taleliirs, with some inlicrs of the 
inelaniorphii* formations. The elevation of the plain, composing the 
greater portion of the field, al>ove the sea, is about J)0() to 1,000 feet. 

* For II (Ic’scriiilioii of Ihis coiil-fiold by Mr. Hn^lios, soo Mom. G. S. 1., VI 1, pp. (20',))- 
(210), Somo luUlilj'.ms Imvo brcoi miido from MS, iiotos. 
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The northern and southern boundaries of the field are faulted in parts^ 
and nearly straight, running in each case about west-north-west to east- 
south -cast. The throw, however, is very small, that of the south boundary 
not exceeding 100 feet, and in places, along this boundary, the sedi- 
mentary beds are found south of the fault. The field is traversed from 
west-north- west to cast-south- east by other faults, the most important 
of which appears to form the southern boundary of a large gneiss 
inlier on wliieh stands the village of Karharbari, and then, running along 
the northern base of Bhadwa hill, to split into several minor faults 
to the eastward. Independently of the faults the beds dij) generally from 
all the boundaries towards the middle of the field. Exce])t in the neigh- 
bourhood of the northern and southern faults, the rocks are, as a rule, 
very little disturbed. 

The rocks found in this basin consist chiefly of the Karhar])ari group, 
already described in the fifth chapter, and Talchirs. Some conglo- 
merates of small quartz j)ebbles, which occur in the south-eastern ])art 
of the field and extend thence to Lumki or Kamaljor and Bhadwa hills, 
probably belong to the Barakar group, the chief evidence in favour of 
separating tlu‘se conglomerates from the Karharbari group being that they 
ap])ear to be slightly unconformable to the underlying rocks, and that 
in some shales, associated with a scam of coal on the hills mentioned, 
Sc/iizonenra gondimnensUy a Sphcno]}leriH common to the Barakars, and 
some other jdaiits occur, not hitherto found in the underlying Karharbiiri 
grou]>, whilst the typical Karharbari fossils appear to l)e wanting. 
With the exception of this probable outlier of the Barakar group, no 
representative of any portion of the Damuda series or of any later sedi- 
mentary formation is found in the Karharbari field. 

The Tiilchirs extend throughout the whole of the western boundary 
and tlie greater part of the eastern. Tliey are, however, ov erlapped hy the 
Karharbari group on the ciustern boundary near Buriadih, and liave not 
been traced on the south-eastern corner of tlie field. The village of Karhar- 
bari in the western part of the field stands upon a large metamorphic 
inlier, 1^ miles long from west-north-west to cast-north-east. This inlier 
is surrounded by Talcliir beds except to tbe south, where the Karliarbari 
beds are brought against tbe crystalline rocks, apparently by a fault. 

Tlio whole thickness of the Talchirs in this field, where they arc 
best developed, is about 600 feet, and they consist of the usual sliales 
and fine sandstones, the former containing boulders in places. The 
Karharbiiri beds arc about 500 feet thick, and comprise white and grey 
felspathic sandstones with grits, conglomeratic beds, shales, and three or 
four coal seams. 

The (piallty of some of the coal scams is <»fpinl,if not superior, to that 
of the best coals found in the lUiniganj field, and is very little, if at all, 
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inferior 1o tiuit of g-ood Eiig^lisli st(‘Jirn eoal. The ]>riiit*i|>al coal seam, 
which is close to the bottom of tlie Karliarbari group, is from 12 to 16 
feet ill thickness. The other seams are thinner, not exceeding 7 or 8 feet. 
All furnish good coal, the best being that from the lower or main 
seam. 

Dykes of volcanic rock are numerous, and some of them seriously injure 
the coal seams with which tliey are in contact. Their directions vary. 

The Karharbdri coal-field, despite its small size, is economically of far 
greater imj)ortance at present than most of the larger fields, as from 
it is derived the main coal sujiply for the East Indian Kailway. 

17. A basin of irregular shape, consisting entirely of Talchir rocks, 
traversed in parts by the Barakar river, about 4 miles south-west of 
the Karliarbari field. It is aliout 7 miles in extreme length from west- 
north-west to east-south-east, but very narrow, nowhere much exceeding 
a mile in breadth. 

18, 11). Two small patclies of Talchir rocks exposed on the banks of 
the Barakar above the last. The first is about 2 miles distant from 
No. 17, and is nearly 2 miles long; the second is half a mile further, and 
occupies less than a cpiarter of a square mile. 

20. Tlic next three basins are also entirely composed of Talchir 
rocks ; they lie north-west of Kharagdiha, close to the upy)er part 
of the Sakri river, which runs to the north into the Ganges. The first 
is about 18 miles north of that last specified and 8 miles west by north 
of Kharagdiha. It is only aljout 1 1 mile long from north-west to south- 
east, and rather less than a mile broad. 

21. Another tract, 3^ miles north of the last, is scarcely larger. 

22. The third of these outlying areas of Talchir rocks lies close to 
th(' large village of Bhandari. It is chiefly north of the Sakri river, 
but is intersected by the stream in its south-wesk^rn corner. It measures 
about 3i miles from cast to west and 2i from north to sraith. To 
t he north-east is a detached portion, just separated l)y the intervening 
metamorphics. 

23. Further down the Sakri, some 8 miles north-wrest of Bhandciri, 
and about a mile south of the village of Gowan, conglomerates, which 
have been referred to the Tiilchirs, arc seen in the banks of a tributary 
stream. They occupy a very small area, not more than a few hundred 
yards in length. Five or six miles north-west of this again, near the 
villages of Deothan and Pihira, two other small outcrops are seen, one 
north, the other south, of an alluvial valley watered by streams running 
into the Sakri. 

Scarcely any of these small tracts of Gondw'una rocks are of sufR- 
ci(*ni size to cnal)le them to be repre.sentcd on the general map pub- 
lished herewith. 
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CHAPTER VIII. 

PENINSULAR AREA. 

gondwana system — continued, details of coai.-fields, etc. 

Ill, Dam^DA valley eeghon — A, Damuda valley coal-fields l^Rnniganj (Rnnocgunge) — 
2, Jharia (Jherria) — 3, Bokaro — 4, Edmgarli — 5, Soutli Kaninpdm — 6, Knranpfira — 
B, Coal-fields of Northern Haz&ribagli, Southern Debar, and Pnlamaun (I’alamow) — 
7, Chopd — 8,”Itkfiri — 9, Daltonganj — 10, Unsurveyed basins In Palamaun and 
Lobardagga — 11, Morbar river south -west of Sbergotty. 

The coal-fields of the Damiida valley form a chain of Gondwana 
basins running east and west, and separated from each other by very 
short distances. The eastern fields are in the comparatively open and 
undulating country near the border of the Gangetic alluvial plain, but the 
western fields are situated in a trough-shaped depression, be twee?, the 
plateaus of Hazaribagh and Chutia Nagpur (Chota Nagpore), both of 
which rise to a height of more than 1,000 feet above the level of the 
Damilda river. 

The Damuda valley lies south of the tract in Birbhum and northern 
Hazaribagh, over whicih the basins described in the last chapter are dis- 
tributed, the area of the two regions being close together to the eastward, 
but separated to the westward by the Hazaribagh plateau, on which no 
Gondwana rocks are found, with the exception of one small outlier. 
The small basins near Hazdribagh and Daltonganj are classed with the 
present group : they shew the passage to the more extensive areas of the 
Son (Soane) valley. 

The Gondwana basins described in the present section are the follow- 
ing: — 

A. Damtida valley — 

1. Ranigauj. 

2. Jharia. 

3. Bokaro. 

4. Batngarh. 

6. South Karnnpura. 

6. KAranpura. 

B. Northern Hazaribagh and Southern Behar — 

7. ChopA. 

8. Itkuri. 

9. Daltonganj. 

10, Unsurveyed basinn in Palamaun (Pulauiow) and Lobardagga. 

11. Morbar river near Sbergotty. 

M 
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A.— Damuda valley coal-flelds.— 1. Raniganj (Raneegunge).— 

The Raniganj, formerly known as the Burdwan, coal-field,^ from the 
district in which a portion of its area is comprised, lies in the valley of 
the river Damuda, which traverses the field from west to east. The 
town of Raniganj is 106 miles north-west of Calcutta., and the northern 
extremity of the coal-field is about 25 miles south-west of the southern 
end of the Rajmahal area. The extent of the known tract occupied by 
the Goiidwana scries near Raniganj is about 500 square miles, the field 
being about 39 miles from east to west, and 18 from north to south ; 
but there is no doubt that the rocks of the coal-field extend farther to 
the east under the lateritc and alluvium which conceal the surface. In 
this direction the Damtida rocks and their associates, together with 
the underlying metamorphic formations, disappear completely beneath 
the thick alluvial deposits of the Ganges valley, which extend for about 
300 miles to the eastward. The Barakar river, flowing from the north- 
west, joins the Damuda in the western part of the Raniganj coal-field, 
whilst the northern i)ortion of the field is traversed and drained by the 
river Adjai. 

The Raniganj field has been known for a long time, and its geology 
has received attention for the last 30 or 40 years. It has thus furnished 
the typical sections of the rocks, sections with which all those found 
in other parts of India have been compared. So far as the lowei* 
Gondwdna formations are concerned, the sequence is more full, and the 
different sub-divisions are better represented, in the Raniganj area, than 
in any other in Eastern India, and the only tract which can compare 
with it in interest is that exi)Osed in the Sdtpura hills south of the 
Narbada vJilley. The latter, however, has been far less carefully surveyed ; 
the country is wild and covered with jungle, and the Damuda beds great ly 
concealed by rocks of the upper Gondwana scries and by the Deccan trap ; 
moreover, the amount of investigation for commercial purposes by l)oring, 
raining, &c., is very large in the Raniganj coal-field ; very small, and 
confined to a limited area, in the Satpiira basin. 

The rocks arc, on the whole, fairly exposed in the Raniganj coal-field, 
although the lower sub-divisions — the Talchirs, Barakars, and ironstone 
shales,^ as is usually the case amongst the Gondwana rocks — arc much 
better seen than the higher, owing partly to the former existing in parts 
of the area in which there is less alluvial covering, partly to the greater 
Icndency of the latter to decompose into a sandy clay which conceals 
the surface. There is, however, no question that much might now be 
added to the knowledge of the geology and pal®ontology of the field l)y 

* A full account of Ihis coal-ficUl is given in Mem. G. S. I., Ill, pp. 1-195. 
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a fresh survey ; because^ since the year 18G0, when tlie country was last 
examined geologically, the number of collieries, in the upper beds or 
llaniganj group especially, has largely increased, and the presence of 
scams of coal has been ascertained by boring in places where none were 
previously known to exist. 

The rocks found in tlie Hauiganj coal-field, and their approximate 
vertical extent where thickest, are the following:— 



Fcftl. 

Muh^eva ? (? Duhrajpur) 

. . . non 

Panehet , 

. 1,500 

Damuda — 


A. Raniganj 

. 5,000 

B. Ironstone shales 

. 1.100 

C. Barakar . , • . . 

. 2,000 

Talchir 

800 




The general dij> is approximately from north to south, the lowest beds 
being exposed along the northern lx)rder of the field. The soiithei-ii 
dip is, on the whole, wonderfully persistent. In the northern portion of 
the area it is low, usually about 5“, and rarely exceeding 10°, but 
towards the southern edge of the field there are great rolls of the strata, 
and, frequently, high dips. Finally, at the southern edge the whole of 
the Gondwana scries arc turned up at high angles, then cut off 
abruptly, and metamorphic rocks come to the surface. Whether this 
abrupt termination is due to faulting or to the rocks having originally 
been dej)Osited against a cliff is a disjuited poiiit.^ 

independenily of this l)oundary there are several large faults in ihe 
field, of some of which no trace is seen on the surface, but they are 
revealed, as is so frequently the case, by mining. Along the northern 
boundary several nearly parallel faults, with a general north-west south- 
east direction, throw the rocks in succession, each having a downthrow 
to the north-east. One patch of Barakars thrown by the fault farthest 
to the north-east is quite unconnected with the field. Another fault runs 
for some miles almost down the bed of the Adjai river, and throws 
down, on its north side, the tract of Barakar beds containing the coal 
near Kasta. 

* Sec pp. 103-100. That sonic faultint^ has taken plncc along this line is almost certain ; 
it is impossible otherwise to account for the disturbance and crushing in the Gondivana beds 
immediately to the northward. Still the original estimate of the extent to which the rocks are 
thrown may he excessive, and the lino of boundary may he approximately the original limit of 
the rocks. It is only right to say that all the surveyors who mapped the Raniganj and the 
other Damuda ticlds arc still disposed to consider these boundaries as faulted. 
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In the west of the field one important fault runs nearly north and 
south down the bed of the Barakar river : another running north-west 
and south-east forms the south-west boundary of the field for about 
14 miles. This last fault is parallel to the faults on the northern 
boundary already mentioned, and the throw is in the same direction. 

The Tilchirs are only found in the north-western portion of the 
field. They pass up into the Barak^i^rs north of Tildanga, a little west 
of the Bardkar river, and at this locality they attain their greatest thick- 
ness, their upper portion consisting of coarse sandstones and conglomerates, 
with only occasional bands of the characteristic fine silty beds of which 
their lower portion is entirely composed. Proceeding either east or 
west from the locality named, the upper beds of the 1’alchir group dis- 
appear, and although the thickness is but little less to the west, to the 
east it gradually diminishes as the Damudas overlap bed after bed until 
the Talchirs disappear completely. They are last seen in the Adjai river 
about 22 miles from the western extremity of the fieeld and thence to 
the eastward the Barakars rest on metamorphic rocks. 

Boulders are not so commonly associated with the Talchir rocks in 
the Ranigaiij coal-field as in some other areas. They are numerous, 
however, in the western extremity of the field. 

No representatives of the Karharbari group have hitherto been 
detected in the Raniganj field or in the other basins of the Damilda 
valley, but it is highly j)robable that, amongst the passage beds hithei-to 
classed with the uppermost Talchirs or the bottom beds of the 
Barakars, Karharbari beds may have been included. 

The greater portion of the basin consists of Damuda rocks, and the 
higher group, that of Raniganj, is not only very fully developed in this 
area, but it is rich in coal seams. Many of these seams are of consi- 
derable thickness, some of them even amounting to 20 feet. In this 
respect, however, they are exceeded by the Barakar seams, one of which 
at Kdsta, in the northern part of the field beyond the Adjai river, is 
from 33 to 35 feet thick. The Barakar scams in the Raniganj area, as 
a rule, are of inferior quality to those found in the Raniganj group : 
ilierc are exceptions, however, some excellent coal being found in a 
Barakar seam near Chanch, west of the Barakar river, and also at 
Benodakatta, east of the Bar&kar. One great cause of the inferiority in 
the Barakar seams is the prevalence of basalt running in strings 
through the coal and converting it into a worthless shaly mineral.^ 
This is a very rare occurrence in the higher group, and it is very singular, 

» Soun! of UuK iilierccl coal cxbibitB columnar structure very finely, tbc hexagonal 
prisms formed being 2 or 3 inches in diameter. 
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because both groups are traversed equally by numerous basaltic dykes, 
some of them of large size. One of these dykes runs for 20 miles 
through the coal measures. The small dykes, which permeate the Bar^ar 
coal seams, may belong to an older series than the other dykes of the field, 
and may possibly have existed before the deposition of the Raniganj group. 
Some of the Barakar coal exhibits a peculiar spheroidal structure, and 
round balls of various sizes, up to more than a foot in diameter, break 
away from the mass when the coal is mined. So thoroughly are these 
rounded that they were taken at first for rolled fragments derived from 
some older formation.^ 

The proportion of coal in the lower Damiida beds is at times large. 
In one of the best sections exposed in the west of the field — that seen in 
the Kudia and Pasai streams — an aggregate amount of 175 feet 
of coal is exposed in a total thickness of 833 feet of rock, so that 
upwards of one-fifth of the whole is coal. A large portion of this 
enormous thickness, however, consists of inferior coal and shale not 
worth extraction, and some seams are injured by intrusive trap, but 
a considerable quantity of useful fuel could be obtained at this spot, 
though it is an exception to find any seam continuing unchanged 
throughout a large area. So irregular are the Barakar scams in thickness, 
that beds several feet thick arc sometimes seen to thin out and disappear 
entirely within a few yards. This is especially the case w'^hen the roof 
of the coal consists of coarse sandstone, and in such cases there is 
evidence that, through some change in the circumstances of deposition, 
the coal has been swept away and sand has accumulated in its place. 
There is also, amongst the other Barakar beds of the Raniganj coal-field, 
a great tendency to vary in quality within short distances. 

The ironstone shales, which overlie the Barakars, form a marked 
ridge of raised ground traversing the coal-field from east to west, their 
elevation above the other rocks being due, not to their hardness, but to 
their power of resisting disintegration. They thin out and are overlapped 
by the Raniganj group in the south-west corner of the field, where their 
relations to the underlying Barakars are peculiar, and it is not clear 
whether the latter have been upheaved and denuded before the ironstone 
shales were deposited, or whether this spot has been the original margin 
of deposition of both groups. 

Clay ironstone, both of the ordinary non-carbonaceous form, and also 
of the carbonaceous variety known as black band,^^ is found in con- 
siderable quantities interstratified with the shales. Ironstone nodules 

1 Sec J. A. S. B., XVII, Pt. 1, p. 69 ; XVIII, p. 412 ; XIX, p. 76 ; and Mem. G. S. I., 
Ill, p. 66. 



18-2 


CiEOLOCiY OF INDIA-GONDWANA SYSTEM. 


L Chap. VIII. 


also occur. The seams of clay iron ore vary in thickness from 2 inches 
to a fooi^ and occur at irregular intervals. The proportion which the 
ironstone-bands bear to the shales varies : in one measured section of 150 
feet of shale, 26 bands of iron ore were met with, the aggregate thickness 
of which was about 8i feet, or 1 in 174 ; whilst in a pit sunk to a dt'pth 
of 52 feet at Bddul, the proportion was 1 in 9, but three quarters of the 
iron ore in this case was black band, which contains less iron. ' The shales 
appear in some places at all events quite impermeable to water — an im- 
portant advantage in mining. 

As has already been stated, the coals of the Rdniganj group are in 
many cases of superior quality to those of the Barakar group found in 
this coal-field. The Bduiganj seams are, moreover, constant in thickness 
and quality over larger areas than the Barakar seams, and the former are 
only known in a very few cases to have been seriously injured by volcanic 
rocks, the basalt dykes which traverse the rocks, as a rule, afPecting only 
the coal in immediate contact, and not ramifying in strings through tlie 
<*oal seams. The proportion of coal to the whole thickness of beds is, 
however, very much less in the llaniganj group. 

The rich seams of Raniganj itself are situated in ground so much 
covered with laterite and alluvial deposits that the relations of the beds 
are very difficult to trace. The strata associated with the coals appear, 
however, to be some of the highest of the group, and it is possible that 
1 hese beds have elsewhere been removed by denudation before the deposition 
of the Panchet formation. At the same time this is by no means 
proved, and it is equally possible that tlic llaniganj coal-beds repre.sent 
some of the seams found farther west about Chinakuri. The scams of 
Sitarampur and Sanktoria, in the neighbourhood of Chinakuri, arc on a 
much lower horizon than those of the llaniganj neighbourhood, and the 
coal is of superior quality, one bed yielding a good coking coal, which 
has of late been employed successfully in the manufacture of iron. 

A band of ironstone in the ujq^r portion of the Raniganj group 
affords great assistance in tracing out the relations of this group to the 
overlying Panchets, for the ironstone band can be traced, by the 
fragments found on the surface, over a large area., in which none of the 
other associated beds can be recognised with certainty. Here and there 
sections of the band are seen in streams, and some carbonaceous shales with 
intercalated seams of clay iron-ore are exposed, the mineral character being 
precisely the same as that of the thicker ironstone shales below. The 
ironstone band is found, at a maximum depth of 700 to 900 feet below 
the base of the Panchet group, throughout a large area in the western 
and southern portion of the field, but it is completely overlapped by 
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Panchot beds a few miles west of Asansol on the Grand Trunk Road. It 
reappears further east, but it cannot be traced in the neighbourhood of 
Raniganj for want of sections. 

In the south-western portion of the coal-field a bed of magnesian 
limestone has been found in the lower portion of the Raniganj group,^ 
and has been quarried to some extent, in the ground north-west of 
Panchet hill, for a supply of flux to the iron-works and also for burning 
into lime. The calcareous band comprises two beds near Baghm&a, under 
Panchet hill, the upper bed being too impure and sandy for use, 
whilst the lower, which contains 63 per cent, of carbonate of lime, 14 
per cent, of carbonate of magnesia, and 20 per cent, of sand and clay, 
is about 12 feet thick. The limestone has been traced over a consider- 
able area to the north-eastward ; becoming, however, more sandy and 
impure, and apparently dividing into smaller bands intercalated with 
sandstone at a distance from the original locality. Calcareous sandstones 
are common in the Raniganj group ; this, however, is the only bed which 
has hitherto proved sufficiently rich in lime to be worth quarrying. 

The Raniganj group occupies a very large area, nearly half of the 
field being composed of it. The tract covered by the higher formations 
is comparatively small. The Panchets occupy a basin about 8 miles 
across in the middle of the coal-field, and extend to the southern margin ; 
they are also found in two smaller areas along the southern edge of 
the field ; one of these areas surrounds Panchet hill, the highest and 
largest hill in the coal-field, on all sides except the south. 

The change to the Panchet beds is usually marked by the occurrence 
of red clay on the surface of the ground. The felspar, which forms a 
considerable proportion of the sandstones of the Panchet group, remains 
undecomposed instead of being converted into kaolin as in the Damudas : 
the sandstones of the former group are consequently more fusible, 
and the bands of hard semi-fused rocks, on each side of the basaltic 
dykes traversing the beds, stand out like walls in places near the Damuda 
river. The Panchets are extremely micaceous throughout. 

The bed containing the reptilian remains mentioned in the general 
description of the Panchet group ^ is best exposed in the bed of the 
Damuda near the village of Deoli,* about a quarter of a mile east of 
the mouth of the Besram stream, and close to the right (south) bank of 
the river. The same bed is seen in some other places on the river bank 
and it was traced by Mr. Tween, who collected most of the bones, over 

1 Mallet, Rec. G. S. I.. X, p. 14S. 

^ Ante, p. 133. 

’ Tills was the case in 1800 j a eliangc may liavc taken place subso(|uentiy in tbe river 
ebannel. 
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[Chap. VIU. 


a. considerable tract of country near the middle of the synclinal basin occu- 
pied by the Panchets. 

Along the southern border of the field is a line of hills, Panchet, 
Garangi, Beharinfith, and some smaller rises south of Raniganj, the 
upper portions of which are composed of coarse ferruginous grits 
and conglomerates, quite distinct from any beds found, in other parts 
of the field. These rocks were at first supposed to be an upper sub- 
division of the Panchets, but it appears more probable, now that we have 
a better knowledge of the rocks intervening between the Damdda and 
Narbada valleys, that these coarse conglomerates represent a portion of 
the Mahadeva formation. There is also, as already mentioned, a pro- 
bability that the grits and conglomcmtes may represent those under- 
lying the traps of the Rajmahal hills. No fossils have hitherto been found 
in the R^iganj field to aid in determining the age of the upper beds. 

The relations of these grits to the underlying Panchets are extremely 
obscure, the hill sides on which the junction takes place being greatly 
concealed by pebbles and detritus from the upper beds. There is soiite 
appearance of the grits overlapping the lower beds and resting on 
the metamorphics. If this be the case it may also be found that the 
lower formations alone arc faulted against the metamorjhics. 

In the eastern portion of the Raniganj field a ridge of high land, 
running north and south, about 1(> miles east of R&niganj, consists of 
coarse yellow and white f el spathic grit, with beds of white, bluish-grey, 
and mottled clay, and thin bands of hard quartzose ferruginous grit. 
These rocks are best seen in a railway cutting near Kalipur. They 
stretch from Khyrasol, 17 miles east-south-east of Raniganj, to the 
Adjai river, and similar beds are fomid to the northward near Soory 
and to the southward in Bankdra (Bancoora) and Midnapur (Midna- 
pore). It appears possible that they do not belong to the Gondwana 
series at all. At the same time there is an equal possibility of their 
being of Rajmahal age, but no fossils have hitherto been detected in 
them. 

The basaltic dykes of the field have already been mentioned. They 
are numerous, and although their direction varies greatly, a very large 
number run nearly north-west and south-east. This, as has already 
been noticed, is the direction of some of the most important faults in 
the field; but the dykes are clearly of later age than the faults, 
not a single instance being known, except in the case of the horizontal 
intrusions amongst the Bar&kar coal-seams, of a dyke being thrown 
by a fault, although there are a few cases in which a dyke runs 
along a fault. The apparent dislocation of the horizontal dykes in the 
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Barakar coal seams may be due to the intrusions following the direction 
of the coal, and not to the dykes being prior in age to the faults. 
The traps traverse all the rocks in the field except the Mahadevas : the 
latter occupy so small an area that it is impossible to feel assured 
that they are newer than the dykes, but still the absence of any 
volcanic intrusions amongst them is not confined to the Kaniganj field. 
There are many dykes in the Panchet beds. At the same time, if the 
dykes are of older date than the Mahadevas, it is evident that the sug- 
gestion made above, that the Raniganj field and other x)ortions of the 
Damdda valley were once covered by Rajmahal traps of the same age 
as the dykes, becomes untenable, because those traps would have been 
intercalated between the Panchets and Mahadevas. 

Besides the dykes, some of which arc of great length and breadth, some 
irregular basaltic intrusions are found in the eastern part of the field, and 
these become more numerous and larger to the northward, in the country 
between the Raniganj field and the Rajmahal hills. All the evidence 
tends to connect the dykes with the volcanic outbursts which produced 
the basaltic trajis of the Rajmahals, and to prove that all the disturbances 
which afEccted the Damuda and Panchet groups jireceded the Rajmahal 
epoch of volcanic a(jtion. It may as well be noted here that all the 
facts observed in connexion with the dykes of the other Damuda fields 
lying west and north-west of Raniganj lead to precisely the same 
conclusions with regard to the age of the dykes and their relation to the 
different groups. 

The question of the possible extension of this coal-field to the 
eastward is one of considerable geological and economical interest. Coal 
has been found by boring several miles within the alluvial area, and the 
circumstance that fragments of coal were found at a depth of 390 feet 
in a boring for water at Calcutta renders it possible that Damrfda beds 
may exist in other places beneath the alluvial plain of the Ganges 
delta. 

2 , Jharia (Jherria). — The Jharia coal-field ^ commences at a distance 
of 16 miles west of the south-western extremity of the Raniganj coal- 
field, whilst the north-cast edge of the former and the western extremity 
of the latter are but 13 miles apart. The Jharia field is inferior to the 
Raniganj in size, being about 20 miles in extreme length from west 
by north to east by south, and nowhere more than 10 miles broad. It 
comprises an area of about 200 square miles. Like the Raniganj field 
it is traversed from west to east by the river Damuda, the major portion 
of the field lying north of the river. 

' For a full account by Mr. Hughes, see Mem. G. S. I., Y, pp. 227-336. 
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The geologfy closely corresponds to that of the llaniganj field. The 
deposits of the Gondwaria series are entirely surrounded by metamorphie 
rocks^ and have a general dip towards the south boundary, where 
they are abruptly cut off by a long nearly straight line which appears 
to be similar to the same feature in the Raniganj field, though the 
flirow is of less magnitude. No beds are exposed above the Dainii- 
das, the only groups represented being the Talchirs and the three sub- 
divisions of the Darnuda formation. The total thickness of beds exposed 
amounts to 6,800 feet, consisting of — 


Damudu — 

llanij^anj group 
Ironstone sliiilcs 
Barakur group 
Talcliir 


Feet. Feet. 

2,200 j 

700 [ 6,900 
3,000 i 

900 


The Talcliir group is completely overlapped in ibe extreme east of 
the field, and throughout the greater portion of the northern border it 
occupies but a narrow strip of country, nowhere more than half a mile, 
and usually less than a quarter of a mile, broad. In the west of the 
field, however, the Talchirs occupy a considerable area. They present the 
usual features, consisting mainly of fine shales which split up into 
angular and acicular fragments. Some concretionary nodules of lime- 
stone ai-c found in them. The boulder bed is well developed in many 
places.^ 

The Talchirs in the Jharia coal-field appear to pass upwards into the 
Barakars as they do locally in the western portion of the Baniganj field, 
and no distinct unconformity has been observed between the two. The 
Barakars occupy the greater portion of the field,^ and are shaly on the 
whole, with thick felspathic grits and sandstones near their base. Coal 
is found throughout; the larger seams, however, are chiefly towards the 
base of the group. The general characters of the coal seams are the 
same as in the Baniganj field : the quality of the coal is very variable, 
some seams yielding good fuel, whilst others are little better than shale. 
Some very thick seams have been noticed, one amounting to as much 
as 60 feet ; but there is precisely the same variation in thickness in the 
case of each seam as was observed to the eastward. Many seams also, 
as in the Barakar group of the Baniganj field, are traversed by strings 
and dykes of basalt in such a manner as to render the coal worthless. 


' In the detailed account of this field, several carefully -measured descriptive sections of 
the different formations are given. An excellent section of the Tdlchir group will he found 
1. c., p. 241. 

2 Detailed sections arc given in the report, 1. c., pp. 261, 266, 274, 280, 285, and especially 
p. 296. 
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Despite these drawbacks there is unquestionably a large quantity of very 
fair coal procurable in the Jharia field. 

The ironstone shales do not form nearly so well-marked a group as 
in the Raniganj field ; they are best seen in the middle of the field and 
arc represented towards the west in the Jamiini river by thin argilla- 
ceous shales and sandstones. Ironstones are less abundant than in the 
Raniganj field ; their quality is poor, and they are so silieious that the 
natives arc unable to smelt them. 

Of the Raniganj group, ^ only the lower beds appear to have been 
preserved, all the higher portions, if they over existed, having been re- 
moved by denudation. As a natural consequence, the valuable coal 
seams of Raniganj, Sitarampur, Chinakdri, &e., all of which are in the 
higher portions of the Raniganj group, are unrepresented in the Jharia 
field, and but few coal seams have hitherto been traced in the latter area 
above the ironstone shales. The rocks of this group, moi-eovcr, arc 
greatly disturbed in the Jharia basin, and arc in general inclined at an 
angle which would seriously interfere with mining. 

J3asalti(j dykes are nearly, if not quite, as common as in the Raniganj 
field, and are in every respect similar to those described as occurring to 
the eastward. 

3. Bokaro. — The River Bokaro, which traverses the basin from west 
to east before joining the Danuida, has furnished the name for the next 
coal-field,® in the eastern portion of which the two streams unite. The 
Bokaro tract of Gondwana beds lies to the south-east of the town of 
Hazaribagh, and, like the Raraghur and Karanpura fields, occupies the 
low valkiy, whilst the ground both noi-th and south is much higher and 
comjK)sed of mctamorjdiic rocks. 

The Bokdro coal-field commences only 2 miles west of the extreme 
western limit of the Jharia field, and extends for 40 miles from east to 
west. It is narrow, being nowhere more than 6^ miles from north to 
south, and the area occupied is about 220 square miles. It may be de- 
scribed as occupying in the main a trough -like depression between two 
parallel faults, one of which forms part of the northern boundary, and the 
other the greater portion of the southern ; but about half of the northern 
boundary is natural, whilst the southern fault passes for a considerable 
distance within the field, rocks of the Damiida series being found for 
some distance to the south of it. These large faults run nearly east and 
west in this field, but smaller faults with a general north-north-west and 
south-south-east direction are met with, and probably belong to the 

> Moiisiiml sections in detail are given, 1. c., pp. 314, 315, 318, &c. 
a For a full description by Mr. Hughes, see Mem. G. S. I., VI, pp. (39)-(108). 



188 


GEOLOGiy OP INDIA— GONDWANA SYSTEM. [Chap. VIII. 


same system as the north-west and south-east faults of the Raniganj field. 
They appear to be of later date than the great east and west faults, 
which are dislocated in places by the north-west and south-east throws. 
On the whole, the rocks of the Bokaro area are more disturbed than in the 
fields to the eastward. 

In the middle of the field, about half way between the extreme cast 
and west boundaries, Liigu (Loogoo) hill rises to a height of 1,500 feet 
above the valley, and 3,450 feet above the sea, the top being above the 
general level of the Hazaribagh plateau. This hill consists of Mahadeva 
rocks. 

The formations exposed in this field are the following ; the thickness 
of several of the groups has not been determined : — 

M;iha(lt>va (formerly described as Upper Paiicliets). 

Panchets. 

Damudn. — 
llatiiganj. 

Ironstone shales. 

Biirukar. 

Talchir. 

The field may be divided into three parts, the two extremities consist- 
ing almost entirely of Barakars, the central sub-division, which is the 
smallest, of the higher beds. The Talchirs are but poorly developed, their 
principal exposure being on the western edge of the field. A few small 
patches are found along the northern border, and the same beds form a 
narrow margin for about four miles on the north-eastern boundary. They 
are overlapped in many places by the Barakars, which rest directly upon 
the mctamorphic rocks throughout at least half of that portion of the 
boundary which docs not consist of a fault. The Talchirs are of the usual 
character, and the boulder bed is well developed, boulders being found 
occasionally in the upper members of the group as well as near the base. 

The Barakars occupy about three-quarters of the whole field. Their 
mineral character exhibits no peculiarity ; the conglomerate of small 
quartz pebbles at their base is well marked, and they contain numerous 
coal seams, some of them of considerable thickness, but the coal is 
variable in character, and, as a rule, of inferior quality. Still good seams 
occur, and others may be found by boring. Ironstones occur in the 
Barakars, and there appears, on the whole, a tendency to a passage from 
these beds into the overlying ironstone shales. 

The ironstone shales are more fully developed in this field than in 
any other, being 1,500 feet thick, and they present precisely the same 
character as in the Raniganj field. They pass downwards into the 
Barakars, being only distinguished by mineral characters, but there is 
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well-marked unconformity between them and the Raniganj group, the 
latter abruptly overlapping the former in j)laces. The ironstone group, 
besides intervening between the Barakars and the Raniganj beds east 
of Lugu hill (both are wanting immediately to the west), occurs 
in a small tract in the north-west of the field, where both it and the over- 
group are let in by faults, and it occupies several tracts in the 
south-west of the field south of the great fault, which forms a large 
portion of the southern boundary. A few other patehes of ironstone 
shales occur, but they are small and of no importance. The ironstones 
themselves are rather silicious and inferior in quality to the bands asso- 
ciated with the Barakar group. 

The Raniganj group occupies a tract of about 14 square miles in ex- 
tent to the east of the Panchet area around Liigu hill, and is again found 
near Basatpiir in the north-west corner of the field, resting on the iron- 
stone shales. The mineral character is the same as in the fields to 
the eastward, but s(*arcely any useful coal seams have been detected 
amongst the beds of this group in the Bokaro area. 

The Panchets occupy a tract in the middle of the field ; Lugu hill 
is entirely surrounded by them, and the basal portion of the hill itself 
composed of them. Iliey consist of the usual micaceous sandstones, 
green silty beds, and red clays, the latter not in such thick beds as in the 
Raniganj field. Their unconformity to the Damudas is more striking 
in this field than in that of Raniganj, for, although they rest on the 
Raniganj beds to the eastward, they completely, within the short dis- 
tance of about a mile, overlap both the Raniganj group and the iron- 
stone shales north of Lugu bill, and to the west they rest uj)on the 
Barakar beds. The mode of overlap is characteristic, and apparently due 
to the Damudas having been upheaved and denuded before the Panchets 
were deposited, the latter, where dipping at an angle of 15°, being seen to 
rest upon the former, dipping at 25" to 30". The Mahadevas compose 
all the upper portion of Liigu hill, and consist of coarse conglomerates, 
grits, and sandstone, much impregnated with iron, and having generally 
a reddish colour ; they precisely resemble the beds of Panchet hill in 
the Raniganj field. As frequently happens in the rocks of the upper 
Gondwana series, the sides of the hills arc so much covered by pebbles 
and detritus, that it is difficult accurately to ascertain the relations 
between these beds and those of the underlying group. The rocks of 
the hill arc nearly horizontal. 

Basaltic dykes are common in the Bokaro field, but they appear to have 
no prevailing direction ; as usual they traverse all the groups except the 
Maliadevas. They ajipear to be of the same age as in the Raniganj field. 
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4. Bamgarh. — The Ramgarh coal-field ^ lies due south of the Bokiro 
area, the distance between the two where nearest being only 3 J miles. 
This j)rcsent field derives its name from the old town of Rdingarh on the 
Damuda river, near the western extremity of the area, and is of an 
irregularly triangular form, its greatest length, from east to west, being 
14 miles ; it is broadest at the eastern extremity, where it measures 
about 8 miles from north to south, and it diminishes rapidly in breiidtli 
to the westward, until it is not more that a mile broad ; it, however, 
continues for between 5 and 6 miles to the west beyond this narrow 
portion, and exhibits a breadth of from 1 to 2 miles. The whole area is 
about 40 scpiare miles. The field is traversed throughout its entire 
length from west to cast by the river Damiida. 

There is again in this small area a repetition of the peculiar characters 
rt'marked in the eastern fields; a general dip of the rocks to the 
southward, and an abmpt and faulted southern boundary. The direc- 
tion of the western portion of the boundary is nearly due east and west 
as in the Bokaro field ; in the eastern portion, however, the strike is cast- 
south-east. The western part of the field is much cut up by cross 
faults running north-north -west and south-south -east ; these dislocations, 
as in the Bokaro field, ai)pear to.be of later date than the east and west 
faults. 

No rocks higher than the Raniganj group occur in the Ramgarli 
field. The groups exposed, with their a])proximatc thickness, arc iiw 
following : — 

Daiiiudn — 

Udiii^anj group ? 

Iroiisiono kIiuIos 3,200 

Hiinikiir group 3,000 

I'alcliir 850-000 

The Talchir rocks occupy a considerable area in the extreme north 
of the field, and they again occur on the eastern boundary, but they 
are overlapped l)y the Damildas throughout the greater poi’tion of the 
eastern and northern borders of the Gondwana area, and they only appear 
in two small patches along the north-western boundaiy and in another at 
the extreme western end of the field. In one spot they are found on the 
southern fault, which traverses them at a place where its throw is very 
small. The boulder bed is well developed to the north. 

The Barakars are the only beds in the field which are developed over 
a large area, and they present an unusual thickness. They are of the 
same character as in the neighbouring coal-fields, and consist of grits, 
sandstones, and shales, with conglomerates of small white quartz pebbles 
^ For ii full dcBcriptioii by Mr. IJall, see Mem. G. S. I„ VI, pp. (10a)-(135). 
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towards the base. Coal scams arc numerous ; the quality, as a rule, 
appears inferior, but some good beds occur. No attempt, however, has 
been made to explore the field by boring and mining. 

The ironstone shales are much less carbonaceous than in the Efinigan j 
field, and consist of argillaceous shales and sandstones, with a few 
bands of poor clay ironstone. The area occupied by the group does not 
exceed half a square mile, and, with the exception of a small outlier on 
the Damuda, due south of Punu village in the east of the field, the 
ironstone group is confined to a tract a little east of Eamgarh, where it 
intervenes between Bardkar and Kdniganj beds. This tract, the only 
portion of the Eamgarh area in which the Kaniganj group is found, is 
surrounded by faults on all sides. The rocks of Eaniganj age occupy 
nearly a square mile, but they are much disturbed by faults, and no coal 
seams have been detected amongst them. Only one basaltic dyke is found 
in the field. 

6. South Karanpura. — The two Karanpura fields conclude the list 
of the Damuda valley coal basins. They lie due west of the Bokiiro 
and Eamgarh fields, and in close proximity to them, only a mile inter- 
vening between the Bokaro and Karanpura tracts, and about 2^ miles 
between the field of Eamgarh and that of South Karanpura. The South 
Karanpura is a small portion separated from the main field by a narrow 
belt of metamorphic country, but as the southern field extends farther to 
the eastward it may be noticed first. 

The South Karanpiira field ^ is 22 miles in length from east to 
west, its average breadth being 4 miles ; its extreme breadtli near the 
eastern extremity 5 miles, and the area occupied 72 square miles, 3 
of which, however, are composed of an inlier of metamorjdiic rocks. Tlie 
Damuda river traverses the field from east to west. 

The southern boundary consists as usual of a fault, which cuts off 
all the sedimentaiy rocks, none of them being found on the southern 
side of the throw ; the general dip is, as in the other fields, to the south- 
ward. The rocks exposed consist of — 

Mahadova (formerly deseribed os Upper Panchets). 

DumAda — 

llaiiigaiij. 

Ironstone sliales. 

Harukar. 

Tjllcliirs. 

TVic ranchets beinf? completely absent, though found Iwth in the 
Karanpura field to the northwest and west, and in that of Bokaro to the 
north -cast. 

' i’or ft full tlcscriptiuu by Mr. Hughes, sec Mem. G. S. I., VII, pp. (322)-(330). 
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The Talchirs are very ill-developed. They occupy a little tract, about 
a mile long* and barely half a mile broad, at the eastern extremity of the 
field, and another very narrow strip, about 2 miles long, on the northern 
boundary. Elsewhere throughout the northern and eastern boundaries, 
the Barakar group rests directly upon the metamorphics. No Talchirs 
are exposed around the large inlier of gneissic rock in the eastern part 
of the field, although the boundaries are natural. The Bardkar beds 
occupy nearly three-quarters of the area, and appear to contain more 
coal than they do in the other fields of the upper Damrfda valley ; an 
api)carance which may, perhaps, be due to better sections being ex- 
posed. Some of the coal is of fair quality, and bands of rich ironstone 
occur. a. 

The upper Damiida groups are portion developed, though they 
cover a larger area than in the RamgarB d?ld. They occupy a tract 
along the south boundaiy, nearer to the \\^estern than the eastern 
extremity, and about 9 miles long, but no\Vhere more than about 2 
broad. The ironstone shales only occur to the eastward. To the 
west the Raniganj beds overlap the ironstoni!' shales, and rest on 
Barakars. Neither of the upper Damuda groups presents any features 
of interest. 

The Mahadevas form two small hills, one of which, Med Henjdag, 
rests ujwn Raniganj beds close to the eastern extremii thl’ their area ; 
the other in the extreme west of the field, called Patalicku'> is larger, 
occupying an area of about two square miles, and res^ » directly upon 
Baraliar rocks. Not a trace of Panchet beds could be deleted in cither 
case, yet in both hills then; is pseudo-conformity between ijhc Mahadevas 
and the Damudas, the rocks being veiy nearly horizontal. Jit is clear that 
in this case there must have been a break in time, repiwented in the 
neighbouring coal-fields by the Panchet group, between tibe period of 
deposition of the Damudas and Mahadevas. \ 

6. Karanpura. — The names of this and of the precedin»g field are 
derived from the parganah in which the greater portion of theisT surface 
is comprised. The Karanpura^ is second only to the Raniganj field 
in extent amongst the basins of the Damiida valley. It cominences 
at a distance of about 10 miles south-west of Hazaribfegh ; it is 
42 miles in extreme length from east to west, and 19 from liorth 
to south, and it covers 472 square miles. The Damuda river ^‘uns 
for many miles through the south-western portion of the field; Uhe 
eastern part of the area is drained by the Hoharii, a tributary of tfhe 
Damuda. \ 

^ Described by Mr, Hughes, —see Mem. G. S. I., VII, pp. (285)-(321). 
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The formations found in the Karanpura area are the followinff, witli 
their approximate thickness so far as it has been ascertained 


Mahadeva (Upper Punchets) 300 

Puncliets ? 

Dainuda — 

Haniganj ^ 

Ironstone shales 

Uarakar 1,500 

Talchir • • • *100 


TIic form of tho area is nearly elliptical, and the field has more of the 
characters of a basin than any other tract of Gondwana rocks in the 
Damuda valley. The highest beds occupy tlic middle of the fields, and 
the lower formations roll up to the south of them. To the eastwani 
the beds are cut ofE on the south by an cast and west fault, which brings 
up to the surface the belt of metamorphic rocks intervening between 
this field and that of South Karanpiira. To tlic westward llio field 
extends much farther to the south than to the eastward, tho souf li-western 
portion (‘onsistiug chiefly of Bardkar rocks, but higher beds occur in 
a minor basin-shaped dejiression near the south-western corner, and the 
southern boundary appears to be along a continuation to the westward 
of the line of fault which limits the South Karanpdra field farther 
east. 

In the rocks occupying this field a very important change has taken 
place in the relations of the different groups to each other. In the 
Rdnigaiij coal-field, the Raniganj group is the most developed, and 
three groups, all of considerable thickness, intervene between the 
Mahadevas and the Barakars. All these intermediate grouj)s thin out 
greatly to the westward, and their diminution in thickness is continued 
in the present field. Still farther to the west no rocks intervene 
b(itween the Barakars and a great group of sandstones and eouglomerates 
resembling, in mineral character, the Mahadevas of the Damuda valley 
and of the Satpdra hills. 

The Talchirs occupy but a small tract in the Karanpura coal-field, 
their whole area being but 9 square miles. They occur on the eastcni 
edge of the field in several places, along the south-eastern boundary north- 
west of Fatal hill in the South Karanpura field, for about 6 miles, and 
again in the north-west of the field, where they extend for about 3 miles 
along the boundary, and run thence for some distance to the north-west 
up the valley of a small stream. They also surround an inlier of gneissic 
rock in the south-east of the field. Elsewhere, that is (excluding 
the faulted boundaries) throughout nineteen -twentieths of the margin 
of the field, the Barakars rest upon the gnei'^.s. The Talchirs present 
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no poeuHariiies ; they are poorly developed, and consist of the usual 
slialcs and fine-grained sandstones with the boulder conglomerate at 
llieir base. 

The Bar^kars cover about one-half of the basin, and almost com- 
I)letely surround the area occupied by the higher formations. They are 
much less shaly, and contain more sandstones than to the eastward ; 
their coal seams appear less numerous, but several may exist which are 
not exposed at the surface. Koughly, the Barakars of the Karanpilra 
area may be divided into three sub-groujis, the lowest division consisting 
of conglomerates of small quartz pebbles, coarse sandstones and grits, 
with some thick coal seams : the middle division contains no conglo- 
merates ; it is chiefly composed of sandstones whi(;h are less coarse than 
those below; it has coal scams of moderate thickness, and there arc 
several beds of iron-ore : the upper division is made u]) chiefly of shales 
and shaly sandstones, with ironstones at the top, and the coal scams 
occurring arc thin. 

As usual, the coarse grits and pebble beds form low hills, and servo lo 
mark out the outcrop of these beds and to disiinguisli tlu? ground occu- 
pied by the lower numibers of the group from that covered by the 
Jiigher sub-divisions, the surface of whi(?h is usually level like the 
j.rea occuj)ied by the ironstone shales and Ilaniganj grouj). Some of 
the felspathic sandstones of the Barakars w'cather into peculiar little 
])itted depressions, having a slight resemblance io foot-prints of animals. 
The relative thickness of different members of this group varicis gi’catly 
in different parts of the eoal-ticld, the same bed of sandstone being 
found in places to change in thickness within a short distance. 

The i)rincipal band of coal is found about ^500 feet above the base of 
the Barakars, and there is a seam of shale and coal, togctlier ;J0 to 40 feet 
thick, exposed at this liorizon in several parts of the field, and probably 
constant throughout. In places the thick seam is of even larger dimen- 
sions than those above given ; in one section it measures 77 feet. In 
this respect, as in several others, there is an approximation in thisiield to 
the conditions existing in the Gondwana areas of the Centnil Provinces. 
The quality of the coal seam is variable, and a large portion of its thiedv- 
ness is mere shale. Some rich ironstones are also found in the Barakar 
group ; the best are haematites, containing as much as 60 per cent of iron. 

The ironstone shales are found in the northern and north-eastern 
portions of the field, where they form a belt, rarely exceeding half a mile 
in breadth, along the edge of the area occupied by the Ilaniganj group. 
To the west and south tliey arc completely overlapped everywhere, but 
they occur around a small area of Ilaniganj beds (dose to the southern 
boundary, near the eastern extremity of the field. The shales are paler 
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in colour^ more silieious and much less carl)onaccous than Miey are in the 
Ranig-anj field. The ironstones too apj)car to be somewhyt less rieli. 

The Rani^anj group forms, in the first j)]iiee, a band a1)out SJ to 8 
miles broad on the average, surrounding the Panchet and Mahadeva area 
in the middle of the field ; and, secondly, a much narrower belt in the 
little south-western basin around Gerwa hill, llaniganj beds are also 
found in the south-east, near Chano, where they oeeu[)y a small area 
against the southern boundary faults. There is but little in their mineral 
character to distinguish them from the upper portion of the Barakar 
grouj), and where, as in the western part of this field, the intervening 
ironstone shales are absent, it is very difficult to draw a line between the 
two remaining groups of the Damiida series. Several seams of coal are 
found in the llaniganj beds of the Karanpura field, but the niaj<.n*ity are 
thin, only a few being of sufficient * thickness to be worth working. 
In one spot a gneiss inlier appears in the middle of the llanigan j bods, 
and is supposed ])y Mr. Hughes, who ma|>pcd the field, to be an old ])eak 
which stood up in tlie middle of the area on whicdi the rocks of tin; 
(londwana series were de 2 )o.sited. This is not improbable, as tJie surface 
on which these rocks rest is very uneven. 

The Panchetsof the Karanpura field occupy a considerable tract in the 
middle of the field, they and the overlying Maluidevas composing the 
surface throughout 90 scpiare miles. The Panehels consist chiefly of 
coarser sandstones than those of tlic Bokaro field, and they arc less mica- 
ceous. lied ela 3 \s are common in the middle and np])er ])ortion of the 
group, but tbey are not distributtnl in Ibick beds as in the llanigan j 
fi(‘ld; tbey aix) thinly laminated, and alternate with green micaceous 
(lay. 

The Mail ado vas form the hills of IMandih and Sathpahiiri in the middle 
of the field, besides a few scattered outliers, anothiT rise about 8 mile.s 
long near Gani'shpur on the west of the area, and Gerwa hill to the 
south-west. Of these Maiidih hill is by far the most extensive; it. is a 
plateau about 11 miles in length from east to west, and 5 from north 
to south. The rocks arc the usual coarse sandstones, grits and eonglo- 
mcrates. In the south-eastern spur of this hill there is a remarkable 
exam])lo of the uiieonformity between the Maluidevas and the lower 
Gondwana series (Panelicts and Damudas), the eonglomeratos of the 
former resting njion Barakars faulted against Runiganj beds.^ 

One remarkable jKnnt about the Karan jiura field is Ibe paucity of 
the basalt ie dykes so abundant in the eastern Damuda coal-fields. This 

’ 111 tlio iii.ni> pnlilishnl in the Memoirs tliorr is n mistulvo. Die Mahiwleviis or Upper 
ruiiclieis at this spot being culouretl as Uaiicbets proper. — ISee Mem. tS. JS. 1., VII, p. (320). 
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probaLly indicates that the Karanpura area is near the limit of the old 
oiithursts of llajmahal times. Further to the westward no dykes are 
found in the coal-fields until the area of the Deccan trap is entered. 
Faults too are less 2 )rcvalent than in the other Damuda fields, and there 
appears thus some reason for connecting the origin of the jirincipal 
dislocations in the Baniganj neighbourhood with the disturbances which 
preceded the outburst of the Rajmahal traps. 

The country west and south-west of the Karanpiira fields has hitherto 
only been partly and imperfectly surveyed, and it is probalile that 
closer examination may shew the occurrence of several small outliers of 
Gondwana beds hitherto unknown. The cxisten(*e, on an isolated hill 
called Madaghir, 3 miles west of the Karan piira field, of some sandstones 
belonging to the Gondwana series, has already been noticed. 

B.— Coal-fields of Northern Hazaribagh, Southern Behar, 
and Palamaun (Palamow). — In this section will be comprised the 
fields of Chope, Itlvuri, Daltonganj, a small tract of Talchir rocks near 
Shergotty, and a few other basins which have not yet been surveyed. 
The Daltonganj field, and all the other areas named, except Choj)e and 
Itkuri, might equally well be refeiTcd to the next sub-division, as they 
arc in the Son (Soane) drainage, but it seems liest on the whole to pla(*c 
them here. There is, in fact, no line to be drawn between the Bengal 
and Behar fields and those of Chutia Nagpur and South llewah, and 
there appears to be a very great probability that all wei’e once part of a 
continuous area. 

7. Chop©. — This is probably the smallest tract of Gondwana rocks 
containing coal yet dete(‘ted in India. The jieculiar interest attaching 
to this small area, from its i)osition on the toj)of the Hazaribagh plateau, 
has been already noticed. 

The Chope field,^ which is traversed by a stream called the Mohani, is 
about Smiles west by a little north of Hazaribagh, and at neaily the same 
elevation as the station, or about 2,000 feet above the sea. Small as the 
field is, it offers a repetition of some of the characteristic features of the 
Damiida coal basins. It is subtriangular in form, about a mile and a half 
ill extreme length, from west by north to east by south, and rather less 
than a mile broad in a direction at right angles to the length, and it (con- 
sists of Talchir and Barakar rocks dijiping to the southward with an 
anticlinal roll in the middle, and cut off along the soutliern border hy a 
fault running from west by north tf5 east hy south. 

The Talchirs skirt the field and reappear in a small inlicr, produced 
by the anticlinal roll above mentioned, and surrounded by Bardkars, in 

^ A description by Mr. Hall is given ir. Mem, G. S. 1., VllT, }}]). (3l7)-(352). 
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the middle of the area. The beds of the Talchir g^roup consist of fine 
jjfroeiiisli sandstones with the boulder bed. The Barakars occupy the 
remaining* tract. Only a small thickness of them is exposed in the only 
section available, that seen in the Mohani stream, but they comprise one 
bed of very shaly and inferior coal about four feet thick. The rocks of 
this small field are very poorly exposed. 

8. Itkuri. — The likuid coal-fickP lies about 25 miles north-west of 
ITazariliagh, and nearly as far north of the Karanpiira field. It is 15 
miles long from east to west, but very narrow, being nowhere more than 
2 mil(?s broad, and the whole area consists of Talchir beds, \vith the ex- 
ception of one small patch, about half a scpiare mile in extent, occupied 
by Baedkars. The boundaries are mostly natural, a small fault cutting 
off the only outcrop of Bariikar beds to the north-cast, and bringing 
up mefamorphic rocks against it. Neither Talchir beds nor Barakars 
present any peculiarities; the latter contain some beds of inferior coal. 

Two areas of Talchir rocks arc mentioned in the description of the 
Daltonganj field ^ as being found in the Hazuribagh district, besides those 
already mentioned. Both occur on the road from Balumath to Chutro 
in Lohaixlagga. 

9. Daltonganj. — This coal-field has been known for many years under 
the name of Palamaun (Palamow), and the coal was worked formerly and 
sent down the Son river to the Ganges, The name of Palamaun, which 
is that of a sub-district or parganah of the district (zillah) of Lohardagga 
in Chutia Nagpur, being inapplicable, because other tracts of sedimentary 
rock occur within its limits, Mr. Hughes substituted that of Daltonganj, 
the civil station lying just beyond the southern border of the field.'* 

The Daltonganj coal-field, which is traversed by the Koil river, a tribu- 
tary of the Son, lies about 50 miles nearly due west of Hazaribagh, 
and is a long irregularly-shaped tract, with very tortuous boundaries. 
It extends about 50 miles in length from east to west, and varies in 
breadth from 1 to 8 miles, its total area being 200 square miles. It 
is basin-shaped, the boundaries being ajiparently natural. Several inliers 
of gneiss occur within the limits of the field, but they are not extensive. 
Some small outliers of Talchirs are scattered around the field. 

The only formations represented are the Talchirs and the Bardkar 
sub-division of the Darniidas. The former are about 500 feet thick, and 
comprise the usual rocks, sandstones being more prevalent than shales, 
whilst the boulder bed is well developed. The Talchir beds occupy more 
than four-fifths of the area. The Barakars are restricted to a tract nearly 

* For description l>y Mr. Hughes, sec Mem. G. S. I., VIII, pp. (321) — (324). 

2 1. c , p. (346). 

* For a description of this field by Mr. Hughes, see Mem. G. S. I., VIII, pp. (325)— (346). 



108 


GEOLOGY OF INDIA -GONDWANA SYSTEM. [Chap. VIII- 


10 miles iu extreme leiig-ih from iioi-th-vve.st to soiitli-east^ and 1 J broad, 
witli an area of 30 square miles. The litholo^eal eliaraeter of the g-i*onp 
is dilTerent to wliat it is in the Damudii eoal-lields, tin? sandstones, wliieli 
form the bulk of the formation, Ix'ing* friable, slightly ealeareous, yellow 
in colour more frequently than white, composed of alternating- fine and 
coarse layers, and very false bedded, the general a])pearance being 
intermediate between typical Barakars and typical Itaniganj sandstom^ 
It. must be borne in mind that this field is bcjmnd the area within which 
the Raniganj group has been found to exist. 

Scams of coal arc few in number, and only one, which contains about 
5 or 6 feet of fair coal, is of sufficient ly good quality and thick enough 
to be of value. It vai’ies in thickness. 

Only one intrusion of basaltic rock has be(m found in this field. 

10. Unsurveyed basins in Palamaun and Lohardagga- — In 
the deseri]>tion of the Karanj>ura field, mention has already b(?cii made of 
t he ju’ohahle oceiirreiiee of several small basins oF (londwana rocks in the 
country to the west and south-west of the Upper Daniiida valley. Two 
of tlujse outcrops have been briefly mentioJied ^ by Mr. Hughes. They 
are the following : — 

Sathbarwa. — This is a halting place 15 miles south-east of 
Daltoiigauj on the road to Ranchi. Only Talehirs have been observed. 

Latiahar. — This is anotlujr halting place on the same road 20 mikjs 
south-east of Daltonganj. Talehirs, Damudas (Barakars), and Mahadevas 
(»eenr, the latter being largely develoj)ed. The Barakur beds are unusually 
Ferruginous, and are consc(iucntly not easily distinguished from the over- 
lying Mahadevas. Very little coal has been detected. 

Several other snmll basins arc known to occur in the Palamann 
(•oiiiitry, and the extent of ground over which they may he found cannot 
as yet he accurately defined. Far to the south on the top of the Cliutia 
Nagpur table-laud, there is a report of coal (xjcurring near Khurea, 
miles north-west of Jashjmr. This report, however, depends solely on 
native information, and there is much reason to doubt its accuracy . 

The last outcrop to be mentioned lies as far to the north of Palamaun, 
as the Jashpiir basin, if it exist, would be south. 

11, Morhar River, south-west of Sherghotty. — At the small 
village of (xangti, 20 miles south-west by west of Sherghotty, and I miles 
west by south of Emamgauj, there is a small exposure of Talchir beds in 
the bed of the Morhar river. The only interest attaching to this outcrop 
is due to its occurrence on the edge of the Gangetic alluvium and the 
consequent indication of a possibility that Gondwana rocks may exist, 
beiiealh the alluvial formations, in this part of the Gnngctic plain. 

* Mem. G. S. I.. VIII, p. (310). 
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CHArTER IX. 

PENINSULAR AREA. 

aONDWANA SYSTEM — continue^- DETAILS OF COAL-FIELDS, ETC. 

IV. Son, Mahanapt and Hrattatant iiKaiON — 1, S<intli Rowah and Solulf'i)iir — 2, Jliilinilli 
— 3, Risrainpur — 4, Lakliaiipur — 4/f, Outcrops in Chid ia Naj^pur — 5, Korba — G, 
Raiparb and Hingir— 7, T&lcbir. Outliers of Talehir beds in Mabanadi valley. V. 
Sati*ijba iiKttiON — 1* Satpura basin — 2, Upper Tapti area — 3, Small areas on the 
lower Narbada, west of llosbaiigabad. 

IV. Son (Soane), Mahanadi, and Brahmani region. — The area 
occupied by ilie Goiidwana formalions in the centre of India differs 
greatly from that in Bengal, In the central region the sedimentary 
beds, instead of being scattered over the mctamorphic country in 
a number of small detached basins, occupy an enormous tract ex- 
tending from Jabalpur on the west to Sirgiija on the east, and from 
a little south of the Son to the neighbourhood of the Mahanadi near 
Sambalpdr. To the westward the sandstones disappear beneath the 
Deccan traj)s, and may be continuous under the covering with the 
Satpura basin. To the south-east a long narrow strip of Talchir rocks 
all but connects the tract north of Sambalpiir with the Talchir basin 
in Orissa. A glance at the map will show that, but for the overlying 
volcanic formations, there would be an almost unbroken band of Gond- 
wana beds across the Peninsula, from near Hoshangabad in the Narbada 
valley to within 40 miles of Cuttack in Orissa, or throughout eight 
degrees of longitude. 

No portion of this area has been geologically surveyed as carefully as 
the eoal-ficlds of Bengal. The Satjiura field, some detached portions 
of the great oentral mass, comprising its north-eastern corner near 
Singrauli, three small tracts in Sirgiija, and another forming the south- 
eastern corner of the main area near Sambalpiir, together with the 
Tdlchir field in Orissa, have been more closely mapped than any others ; 
whilst the enormous area in South Rewah, Sohagpdr, Bilaspiir (Chhatis- 
garh). Northern Sirguja, and Udepur (Chiitia Nagpur), has been only 
cursorily examined, and in some cases merely traversed. 

In the western coal-fields of the Damdda valley, there is a diminu- 
tion in thickness of the whole Gondwdna system, mainly due to the 
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gradual thinning out of all the groups between the Barakars and the 
coarse^ ferruginous sandstones and conglomerates which were formerly 
classed as lJi>per Panchets, and have been in this work referred to the 
Mahadeva series, and considered as of upper Gondwina age. This 
gradual disappea ranee of the intermediate groups is carried so far that 
in places the Mahadeva conglomerates rest directly on Barakar rocks. The 
same combination, a thick mass of sandstones, more or less conglo- 
meratic, resting immediately on Barakars, prevails, so far as is yet known^ 
in the upper Son valley (Sohfigpfir and South Rewah) and throughout the 
J3ilaspiir, Sambalpur, and Talchir coal-fields, but it is now clearly ascer- 
tained, in the neighbourhood of Sambalpur, that the lower portion of the 
upper beds is of Damuda age. Precisely the same sequence occurs in the 
Godavari valley, where also the most conspicuous change in lithological 
characters, accomj)anied by unconformity, occurs between the Barakar 
beds and the next formation in ascending order, and where the group 
immediately succeeding the Barakars contains Damuda fossils. There 
is, therefore, a marked agreement betw^een the Gondwana groups in the 
Godavari and those in the Mahanadi and Brahmani valleys. How far 
the same classification should be applied in South Rewah remains to 
be seen, but it is certain that Damuda fossils occur in places at a higher 
horizon than that of the Barakar group. 

In the Satpura area the rocks arc very different. A full series of 
lower Gondwana beds is succeeded by an equally complete sequence of 
upper Gondwana strata. The middle group of the Damuda series 
greatly resembles, in lithological character, some portions of the upper 
Gondwanas, but, as a general rule, there is a marked contrast beWcen the 
upper and lower sub-divisions of the system. It is consequently desirable 
to treat the Satpura region as a distinct section. 

It is not practicable to sub-divide the remaining area., although 
it is extremely probable that when the formations of South Rewah^ 
Sirgdja and Bilasj)ur are better known, differences will be found which 
will justify the conclusion that the upper Gondwana beds in the north 
and the south w^erc accumulated under different circumstances ; still the 
fact that the Gondwana rocks are continuous from near Jabalpur to 
the neighbourhood of Sambalpur, renders it impossible at present to draw 
a satisfactory line. In the present section, therefore, a brief account will 
be given of the principal tracts on the Son, Mfihanadi, and Brahmani 
valleys. It should be repeated that these coal-fields, with the exception 
of that near Talchir, are not separated from each other by metamorphic 
rociks ; in some cases they are connected by broad plains of Talchir 
beds, and elsewhere they are merely inliers, exposed amidst hills of higher 
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sandstones, still belonging* to the Gondw^na system. The following 
areas will be noticed separately ; — 

1. South Rowtih and Sohdgpur. 

2. Jliilniilli. 

3. Bisrampiir. 

4. Lakliaiipilr. 

4«. Outliers in Chutia Nagpur. 

5. Korba (including Rarapur and Udipiir). 

6. Raigarh and Ilengir. 

7. Talcliir. 

1. South Rewah and Sohagpur.— Of this enormous tract only 
a most imperfect account can be given.^ Leaving out of consideration 
the extension to the westward along the edge of the trap country to 
Jabalpur, the area of Gondwaiia rocks stretches nearly 200 miles from 
cast to west, from the Kanher Singrauli to the Son-Mahanadi'^, and for 
a considerable distance the tract is GO miles broad. 

So far as can be judged from the very imperfect examination hitherto 
made of this field, it agrees better in its petrography, and in the 
arrangement of the rocks composing it, with the area to the westward 
in the Satpura region, than with the Gondwana series in the Damiida 
valley. There is a general tendency to a northerly dip throughout the 
western part of the area, and again in the tract of Damdda rocks to the 
north-east in Singrauli. The northern boundary runs from east-north-east 
to west-south-west, and is for a considerable distance nearly parallel with 
the general course of the river Son, at a distance of from 5 to 20 miles 
south of the river. This boundary is very straight and of an abrupt 
character, and in places it is clearly a fault ; fragments, both of Damiida 
sandstones and of the crystalline rocks which occur outside the Gond- 
waiia area to the north, being found crushed together into a breccia 
along the line of junction. The higher rocks, of later age than the 
Dam u das, occupy the area to the northward, in the western part of the 
Gondwana tract, near the ujiper Son (Sohagpur), but they appear thence 
to extend to the eastward south of the Damiida area in Singrauli. 
In the western part of the area these higher beds overlap the lower 
Gondwana series and rest on transition rocks. The eastern boundary 

* No general description has ever been publisbed. The extreme western portion was 
comprised in Mr. J. G. Mcdlicott's account of the geology of the central portion of the 
Narbada district ; Mem. G, S. I., Vol, II, pp, 97-270, Such details as are given of the 
remaining area are from maimscript reports by Messrs. J, G, and H, P. Medlicott and Mr. 
Mallet. 

2 Not to be confounded with the Mahanadi of Chhattisgarh and Orissa. There are 
several rivers of this name (which only means great river) in India, 
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is irregular, the Maliadevas extending far to the eastward in Sirguja. 
To tlie south-east the boundary of the area now under discussion is formed 
by the Talehir rocks, which connect it in that direction with the other 
Dainuda tracts in Sirgiija and Chhattisgarh j to the south the Talehir 
beds rest upon the gneiss, whilst to the south-west the whole Gondwana 
series is gradually overlaj^pcd by the Deccan trap scarp extending to the 
north-west from Amarkaiitak, and by the Lametas underlying the traps. 
Tliese overlying rocks, where they first impinge on the area from the 
southward, conceal only the lower members of the Gondwana system ; 
the higher members extend farther to the westward, and the highest 
of all, belonging to the Jabalpur group, form a narrow and intcir- 
rupted band, extending at. intervals round the noriliern margin of tlie 
Mandla trap plateau to Jabalpur in the Narbada valley. From tlic 
manner in wdiich the Gondwiina rocks disappear beneath the traps of 
this plateau, there is considerable probability that the forracir continue 
to some (‘xtent beneath the latter, and the South Rewah and Satj)ura 
areas may 1)0 pari s of one continuous tract of Gondwana rocks. 

Despite the imiierfcct knowledge as yet available of the geological 
details, it is clear that the principal sub-divisions of the Gondwana system, 
the Jabal])ur, Mahadeva, Damuda, and Talehir formations, are all repre- 
sented in the South Rewah area, Tlic Takhirs occupy a large crescent- 
shaped tract of country in the north-east corner, on the Rohr or Rehand 
river, in south-eastern Rc\vah and Singrauli, the length along the curve 
of the crescent being about 50 miles, with an average brctulth of 5 to 6. 
There arc some smaller Talehir outcrops in the same neighbourhood along 
the northern boundary of the Gondwana tract, but the largest is only 3 or 
4 miles across. The great expanse of Talchirs is south of t he field, where 
those bods cover a tract, several hundreds of square miles in extent, 
around Korea, west of Sirguja, and extend thence to the westward 
until they disappear beneath the Amarkantak traps. As already men- 
tioned, this expanse of Talchirs has been accepted as the southern bound- 
aiy of the South Rewah Gondwana basin. 

The Damudas are represented by the Barakars throughout the field, 
and this group, being of economic importance on account of its contain- 
ing coal, has received more attention than the other beds. There appears, 
however, good reason for believing that some of the higher Dararida sub- 
divisions are represented to the westwaid in Sohagpur, because true 
Damuda plants were found by Mr. J. G. Medlicott in beds which he had 
at first classed as Upper Damuda," i, ^., Jabalpur, and, as will be seen 
presently, there are some indications of the occurrence of an upper 
sub-division in South-Eastern Rewah. 
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In the Sin^raiili area and the ncig-hlxmrliood of the Rehand valley, the 
Daniiklas consist j)rineipally of coarse fels})athie sandstones, shales being* 
less abnndjint. 'I'he rocks dip at low angles, or are nearly horizontal, 
(k)al has been found in several places, as at Kota, Nowanagar, Parari, &c., 
and although the seams, as a rule, are thin, that at Nowanagar is an ex- 
ception, being ui)wards of 20 feet in thickness, and a portion b(?ing of 
good quality. In one case a conglomerate containing rolled pebbles 
<lerived from the Ttilchirs was found by Mr. Mallet in the Ibnrakar beds. 

Part her west, on the (h)pat river, there is a great thickness of coai’se 
felsjiathic sandstones with occasional tlaggy beds, shales, and seams of 
coal, all of whi(*h, however, so far as they are known, are inferior. Re- 
iieath the massive sandstone, however, there are Hags and shales with 
some coal seams, and below these again more sandstone, associatc*d with 
which, at Keryli, there is a seam of coal about 5 or G feet thick and said 
to be of excellent quality. It is possil)le that in this case the upper sand- 
stone re])resents the llaniganj group of the Damuda valley. 

To the west of the Gopat valley the Bai*akars a])pear to l)e covered 
by higher members of the Gondwaiia system. The former crop out 
again to the south and south-west, and occuj^y a very large ai*ea in the 
valley of the ujiper Son in Soln1g])6r, where the river runs from south- 
east to north-west parallel to the scaq) of the Amarkantak plateau. 
Prom the Son valley the Damiida tract exiends to the east as far as 
Jhilmilli, south of the great upper Gondwiina belt. 

An excellent section of beds of Damuda (and probaldy Baiiikar) age 
is exposed in the Johila river, a tributary of the Son in Sohag- 
pur; a thickness of 3,000 feet altogether being exposed, including 
the Talchirs. The Damuda rcK*ks consist of sandstones above, shales 
and flags below, the seams of coal associated with them being of poor 
quality and thin. The same appears to be the case in the area to the 
east ward so far as it has been examined. 

Above the Damudas the tyj)ical Mahadeva sandstone, pebbly, false- 
bedded, and with thin bands of hard ferruginous shale, brick-red to 
dark -brown in colour, has been traced across the whole region, and it 
is mainly on the strength of this evidence that the Mahadevas of the 
typical Satpura area are correlated with their probable representatives in 
the Damuda valley. The Mahadeva group is probably, in South Rewah 
as elsewhere, unconformable to the underlying formations. 

The higher groups are only known to the westward in Sohagpur 
and south-west Rewah. They consist of a great thickness of coarse fels- 
pathic sandstone, forming, amongst other hills, that on which stands the 
hill fort of Baiidugarh, and resting upon lavender-grey and white shales. 
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Both the sandstones and shales are referred to the Jabalpur group, the cha- 
raete'istie fossils being found abundantly in the shales. With these shales 
t here is associated locally a band of coal of peculiar character, consisting 
of fine layers of jet. A very common character of the Jabalpur beds in 
this area is local induration, the sandstones having the texture of a 
cpiartzite, whilst the shales become porcelanic. 

Basalt dykes occur throughout the South Rewah and Sohaginir area, 
and some of the hills of sandstone in Sirguja are capped by overflow- 
ing trap. In places some dykes are horizontal, and certain basalts, 
apparently in ter strati fled with the Barakars of South-Eastern Rewah, may 
be examples of horizontal intrusion, but they are thought by Mr. 
Mallet to have a close resemblance to contemporaneous lava flows. All 
the basalt, whether intrusive or overlying, with the possible exception of 
the case just mentioned, appears to belong to the date of the Deccan 
traps. 

2. Jhilmilli. — At the eastern extremity of the great area of Damuda 
beds which extends to the eastward from Sohagpur,^ there is a small 
tract of Barakar rocks, known as the Jhilmilli field from a town of that 
name at its eastern extremity. This little field lies due west of the 
northern portion of the Bisrampur field, from which it is only separated 
by a belt of metamorphic rocks not much more than 3 miles broad. 
It is possibly an integral portion of the South Rewah and Sohdgpur 
field, but it is separated from that field by a fault, and it is nearly 
isolated. 

This little tract is about 25 miles in extreme length, but only covers 
about 35 s(piare miles. It is south of the fault just mentioned which, 
runs from east-north-east to west- south-west, or parallel to the fault 
bounding the northern edge of the South Rewah field. The rocks of 
the Jhilmilli field dip northward, and arc cut off at tlic fault in the usual 
manner. To the north of this fault throughout the eastera half of the 
field, metamorphics occur, with large patches of Talchirs, Idling all the 
hollows ; but further to the westward, towards Sanhat, Damuda beds 
may be found, the area not having been examined. To the southward 
is a great expanse of Talchirs with gneiss inliers of large size, the 
Damtida beds resting usually on Talchirs, but occasionally on meta- 
morphic rocks. The only beds of later age than Barakars known to 
occur in the field are those of the hills of Kaltanghat, Chama, and 
Tumarbari, which are probably either Kainthi or Mahadeva. 

The Talchirs around this field are chiefly remarkable for two cir- 
cumstances. One of these is the occurrence in abundance, amongst the 
* Those notes are from a miumscript account by Mr. Ball. 
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boulders, of masses composed of the characteristic compact Vindhy an sand- 
stone, approaching’ quartzite in character. The nearest source of this 
rock is in the Kymore scarp beyond the Son ri V('r, 70 to 80 miles distant 
to the northward. Similar rocks also occur to the southward in Clihat- 
tisgarh and Samhalpur, but the distance is even greater. It is not 
probable that the boundary of the rock in this instance was very much 
nearer in the Talehir days, because so large a portion of the intervening 
area is occupied by Gondwaiia formations, and these nowhere rest upon 
Yindhyan rocks within the limits mentioned. 

The other remarkable circumstance is the occurrence amongst the 
Talehir rocks of a very thin seam of carbonaceous shalti and coal. This 
bed is only about 6 miles in thickness, and the coal is of inferior quality, 
but its occurrence in the Talchirs is remarkable and unusual. 

The Ilarakars present no peculiarity. Several coal seams occur, and 
some are of excellent quality, but none appear to be of great thickness. 

The upper rocks of the Kaltanghat and other hills are but imperfectly 
known, and are only provisionally referred to the Mahadevas. Some trap 
dykes are met with in this fiidd. 

3. Bisrampur. — The Bisrampur field is a tract chiefly composed of 
Damuda rocks, in Central Sirguja, and derives its name from the chief 
town of the Sirguja territory.^ This field is connected by the great 
expanse of Talchirs on its western side with the Jhilmilli, Soluig])ur, and 
South Rewah fields, and to the southward wdth the Korba, Raigarh, and 
other tracts of ^the Mahanadi valley. The llisrainpiir field lies south of 
the great belt of Mahadeva ro(*ks extending to the eastward into Sirguja, 
and is sejiarated from the Mahadevas by a rather broad metamorphic region. 

The field is nearly rectangular in shape. It is about miles in 
extreme breadth from east to west, 22 miles from north to south, and it 
comjirises about 400 square miles. The northern boundary runs nearly 
cast and west, and is marked as a fault throughout ; the southern bound- 
ary is also faulted, and has a direction from west by north to east by 
south ; the east and west boundaries are for the most part natural. 

The rocks exposed are the following 



Approximate thiekuesH 


ill t'uct. 

Maluidova ? . 

. 1,000 

Dtiiiiuila (narukar) 

. 500 

TuUdiir . , . . 

. . . 200 


The thickness assigned to the beds, with the exception of the Maha- 
devas, are mere aiiproximations. The strata are, on the whole, nearly 
horizon! al ; they arc greatly concealed by alluvium, and the only sections 
seen are in the beds of streams. 

^ l)(’scribo<l in d< tuil l\v Mr. V. HhU - lift*, (r. S. 1., VJ, pp. 25-41. 
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The Takhirs ])rescnt no peculiarities. To the west and south tliey 
are ])or<ions ol* the ^reat area outside the field ; tlicy are re])rescnted by 
two ])at(*]ies of small extent outside the northern border, and they skirt 
a considerable portion of the eastern margin of the field, extending in 
places uj) the valleys between the ridges of metamorphie and transition 
ro(?ks. The original surface on which they were dc^posited around the 
liisraiu])!!!’ field a.])pears even more irregular than usual, and in one in- 
stan(.*e a ridge of quartzite penetrates the field for G miles with Bara- 
kars abutting against it on both sides. 

The boulder bed is well developed at the base of the Talehirs, and 
occasionally, as usual, eontains boulders brought from a distance. In 
one case, in the northern part of the field, the source of some granitic 
gneiss blocks was traced to a locality 3 miles away to the north. 

The Barakars, although occupying so large an area, are but ill seen, 
the rock most commonly exposed at the surface being whitish grit or 
sandst,on(i, occasionally containing ])ebblcs. Coal seams arc found in 
several places, but they are not very pronn’sing, many of them con- 
taining but inferior fuel, nhilst none are more than 5 or G feet thick. 
Good <^)al has, however, been found in jdaces. 

Mahadevas only occur in the southern ])art of the field, where they 
form a range about G miks long, knowm as the Bilka hills. They consist 
of the usual grits and pebble conglomerates with hard quartzosc sand- 
stones, but they are less ferruginous than elsewhere. 

Although these rocks are assigned to the Mahadeva group of the 
u])per Goiidwaiias on account of their neighbouihood to l)eds bekmging 
to that formation in the South Bewah area, it must be borne in mind 
that no fossils have been found in them, and that lithologi (tally tiny are 
undistinguishable from the Kamthi beds of the llaigarh and llingir field, 
in wliich fossils have been found. 

The most interesting ])oint about the Mahadevas (or Kamthis) in this 
field is the conclusive evidence afforded by them of uiKronformity to all 
the lower formations. Not only do they rest j)artly on Dainuda and ])artly 
on Tiilchir beds, and, overla])])ing both, rest upon the metamorjfiiies, but 
they overlie the lower Goiidwana groiqis in places where the latter are 
distinctly faulted against (‘acli other, the fault not i)assing into the 
Alahadt‘vas al)ove. Faults between the Talehirs and inetainorphics arc 
also uiu'onformably covered by the Mahadeva sandstones. 

4. Lakhanpur. — Another small area of Barakars, the western 
portion of which has not been fully examined,^ lies due south of the 

^ This lu'lil, like tin* ])roco(liiif?, hsis been niapjK'd by Mr. 13rtll, mid the following short 
aceount is from his iiiamiseri])t iK»les. 
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Bisrampur field, from which it is only separated by a belt, two to three miles 
broad, of Talehirs with inliers of gneissic rocks. On this belt of Tal- 
chirs, further cast, rests the Mahadeva mass forming Pilkd hill, which 
is only a mile from the north-eastern comer of the field. The name 
of the present field is derived from a town lying outside the south-eastern 
edge of the Gondwana area. 

The Lakhanpur field is about 9 miles long from north to south ; its 
breadth has not been determined, its western extent l>cing unknown. 
The northern and southern boundaries are faults ; the eastern boundary 
for the most part appears to be natural. No beds above tlie Barakars 
ai*c found within the area, which is much covered by alluvium, the only 
rocks exposed, as a rule, being in the river sections, which arc numerous. 

Several scams of coal are exposed, the best being one seen in the 
Chandnai stream at Katkona. This seam is 5^ feet thick where best 
seen, one half consisting of excellent coal, the other half being of rather 
poorer quality. Several trap-dykes are found in tin’s field. 

4a. Outliers in Ohutia Nagpur.— These are, as a rule, of small 
importance and but little known. None lias as yet been mapped, and it 
is quite uncertain how many there may be. It is certain tJiat small 
patcluis of Talcliir beds are scattered througliout many of tlic valleys 
of Eastern Sirguja, Udepur,^ &c., but none have as yet been traced on 
the main plateau of Chutia Nagpur. 

Some of the flat-topped hills in eastern Sirgilja are capped by 
plateaus of sandstone, belonging apiiarently to the up])er Gondwana 
series. In some instances, as on Main Pat, a high plateau iiortli of Udejuir, 
this sandstone is covered by basaltic trap, belonging evidently to the 
Deccan trap scries, which is again capped by lateritc. The sandstone 
on Main Pat is about 300 feet thick; it rests north of the plateau on 
Talchir beds, elsewhere on metamorjdiies in general, tliougli Talehirs 
appear beneath it here and there. The Talehirs to tlie iiortli of the 
plateau extend in the form of a belt from 2 to 4 miles broad, for Ifl 
miles north to Bisramjair, where they dip under Barakars. One outlier 
of the Mahadeva sandstone rests on these Talehirs, another on a hill of 
metamorphie rocks close by. 

5, Korba, (Rampur, Korba, and Udepur,)— Only the nortliern 
and eastern ]>ortions of this tra(4 liavc been surv(;yed, and tluit but 
partially ; the remainder of the area is only knoAvn by traverses.® The 

1 Not 1o be coiifoltidcd with ITdopur in Rujputanii, nor with another State of the same 
nniup in tiie lower Narbada valley. 

2 The coal at Korba is described in Roc. G. S. T., Ill, j). The Udepur portion of 
tlic country is known from Mr. Hairs mnnuscript notes. 
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Rampur, Korba, and Udepiir field evidently forms an integral portion 
of that next to be described ; and had a complete survey of the country 
been carried out, the two wjould have been described together. Tlie 
small town of Korba, on the Hasdo river, being the best known locality 
for coal, gives its name to the field. 

The tract of Gondwana rocks running southwards from Sirguja 
expands considerably in breadth south of the lofty plateau of Main Pat, 
and west of Udepiir, and extends between 40 and 50 miles from east to 
west, or from cast of the Mand to west of the Ilasdo. To the northward, 
west of Main Pat, this area is nearly cut off by metamorjduc rocks west 
of Lakhanpur, the only connection between the Korba area to the south 
and the Lakhanpur field to the north being by means of a belt of 
Talchir rocks 3 or 4 miles long. To the southward the Gondwana area 
extends down the Mind to Gurda. Altogether, the present field is about 
80 miles in length from north to south. 

The greater portion of this large tract of country appears to be 
composed of Baraka r rocks. Talchirs of course are scattered in the 
usual patches, sometimes filling up hollows in the previously-formed 
mctamorj)hic surface, on the outskirts of the tract, whilst higher sand- 
stones — whether belonging to the upper Gondw^^na series, (Mahadevas,) 
or representing the Karnthi beds of the Raig.arh-IIingir field is not clear — 
extend in detached masses along the eastern side of the field, having 
been doubtless connected originally with the beds of Main Pat. Tow'^ards 
the south these uj)per beds form the great range of hills which separates 
the area of Damuda rocks on the M4nd from that on its tributary, the 
Kurkut. 

Tra.]) of the Deccan series caps some of these hills of the higher 
sandstones in the northern portion of the field. This is the case with the 
hill of Ilairigarh in South-Estern Sirguja ; and there appear to be 
other outliers towards Main Pat. 

Coa-1 occurs in many places on the Mtind and elsewhere near Udepur, 
several of the seams being of fair thickness and average quality, whilst 
at Korba an immense seam of coal and carbonaceous shale is exposed in 
the bed of the Hasdo. This seam is at least 90 feet in thickness, the 
greater portion, however, being very shaly, and all containing a large 
pro})ortion of ash. Some of the coal, nevertheless, aj)pcars to be of 
sufficiently good quality for use. 

6, Raigarh and Hingir, — This, the south-eastern extremity of 
the great Son-Mahanadi area of Gondwana rocks, was formerly known 
as the Giingpur field, but as no portion of it is in the Gangpur 
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it'i'ritory, tlie present name was substituted l)y Mr. Balld The Kai<4*arli 
and Uin^’ir field is named from the two estates in which it is prim ijjally 
eomj)ris(‘d ; it consists of a bolt of sedimcntaiy roelvs, rather more than 
20 miles in breadth near llaigarh^ cxtendini^ for nearly 90 Tnik*s to 
the north-west from the neighbourhood of S.iiubalpiir, g radually dimin- 
ishing- in breadth to the south-east, and terminating' in that direction 
in a long- narrow tongue of Talchir beds which extends foi- Ix^tween 
30 or J?0 miles, and comes to an end close to the edge ot* the Tah-hir 
coal-field. Tlu- north-western extension ol* this tield forms that of 
Korba and Lhh^pur, briefly described in the })re<'eding paragrajhs. The 
south-western limit of the field is straight and faulted fora long distance. 

1'he roeks found in the Ilaigarh^Hingir area consist of — 

Ari>roxini:it. : -i: tiohs iu ffiol.. 

Kiinithi fu* Iliiiirir group ...... !>.i*:o 

liariiksir ........ 

Talcliir ......... liu- > 

The Talehirs pre.se nt their ch a raet eristic features. Tlu‘> occupy fiie 
soufli-eastern corner of the tract, and, as already Tnentioned, the ! rip 
^vhich serves nearly to coniiecf it with the TiiKhir field, ajid they api>ear 
in several plaee.s underlying the Jhinikars on the margin of the (iond- 
wana area. 

The Eariilcars occupy several isolated tracts. They occur on the 
Mand river to the north-west, and there form part ol* the area str(d(*h- 
iiig northwards to Udt‘})ur and wc^st towards Korba. East of the Aland 
river this Barakar ti-aet is covered by higher beds, which extend for 
about 10 inil(.*s before Banikars again a}>pear, and o(-‘CU]>y a considerable 
area, about 25 miles in leng'tli fr<mi north-west to soulh-t-ast, in the 
north-eastern corner of liaigarh. Of this area about 200 sejuare miles 
have been t‘xamined. They form a large iiilier, entirel}' surrounded by 
beds of liighcj- formations. Banikars also oeeu])y a eonsid(‘rabJe tract 
of country in the south-east of tlu^ field, and a narrow strip of them 
extends u]) each border. In many places tlu.‘y overlap the lYd(-hirs, and 
rest on the metamorf)hic roeks throughout considerable distances^ as, 
for instance, along the north-eastern houndary of tluj field for 20 

miles north-west of Rajpur. 

The Barakars consist of fel.spathic sandstones aiid grits, shales and 
coal. A great tliiekness of shaly beds, amounting altogether to about 
500 feet, with coal seams and occasional interf-alation.s of sandstone, is 

1 For fuller accounts of this by Mr. Dali, sec Koc, G. S. I., IV, pY>. 101-107; 
VllI, pp. 102-121; and X, pj). 170-173 


O 
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exposed in the Baisundar river, north of Hingir. Elsewhere, the rocks 
expo.scd appear to consist chiefly of sandstones and conglomerates. In 
tlic neighbourhood of llampflr, north of Samhalpfir, the Bar^kars con- 
tain much bro^m hfcmatite in nests and irregular bands. Of the coal 
seams known, the majority are thin and poor, hut a few are more pro- 
mising. 

The Barakars have a general low dip towards the south-western 
border of the field ; the amount is small, not exceeding 5° to lO”, and 
there is a considerable amount of rolling. 

The Kamthi beds consist of coarse ferruginous sandstones and con- 
glomerates, and beds of red shale, having altogether a Mahadeva (iha- 
racter ; no carbonaceous bands have been observed amongst these rocks. 
They form great masses of llat-toppcd hills, and are very nearly hori- 
zontal, and conscqtiently nn conformable to the disturbed and inclined 
Barakars beneath them. Tliey resemble the Kamthis of the God^^vari 
valley in lithological character, and they contain Glossopteris brewQuana^ 
G, indica, Vertebrona^ AtelhojHeru iindlei/ana^ and Schizoneura gond^ 
’wanensis , — all Danuida sj) 0 cies which have never been found in the 
U])pcr Gondwana series. 

These beds occupy the greater portion of the field, the Barakars 
appc'aring from beneath them. The Kamthis overlap the Barakars 
north-west of Ilingir, and rest upon the metamorphies. The streams 
cut. deep gorges through the upj)cr sandstones, and the underlying rocks 
arc (Veciucutly cxpo.scd in the bottom of the valleys. Along the south- 
western houndary, the Kamthi sandstones are, for a eonsiderable dis- 
tance, faulted against Vindhyan rocks. 

Some of the coarse sandstones may represent a higher liorizon. It 
is, however, most dilhcult to trace separate divisions in a mass of sand- 
stones all similar in character, and in which fossils arc very rare. 

Only one trap-dyke has been found in this area ; the rocks traversed 
by the dyke are Barakars. A considerable quantity of lateritc covers por- 
tions of the field. 

7. Talchir coal-field. — This basin is named from the small town 
of Talehir on the Brahinani river, the residence of a petty rajah who owns 
a considerahlc portion of the country in the neighbourhood. The Talchir 
coal-field was one of the tracts f)f Gondwana rocks first examined by 
the present Survey ; it was actually the first of which any detailed ac- 
(*o\int was published, and it is the area in which the distinctions hetween 
some of the dilTerent mcml)ers of the scries were first clearly ascer- 
tained — a cireumstanee eomniemorated by the name which has since 
boon applied to the lowest of them. 
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The Talchir coal-field ^ commences, as already noticed, only 3 or 4 
miles south-east of the point where the long spur of Talchir rocks 
extending eastward from the Raigarh-Hingir field terminates. The 
present tract is about 70 miles in length from west by a little north to east 
by a few degrees south, and it is nearly 20 miles broad where widest. Its 
area is rather less than 700 square miles. Nearly the whole field is com- 
prised in the drainage area of the Brahmaiii river, only the extreme 
western and south-western portions being within the Mahanadi water- 
slied. The northern boundary is abrupt and faulted throughout ; the 
soutlicrn boundary over part of its extent only. The evidence of fault- 
ing in the case of the northern boundary is more complete in this field 
than usual, the fault being divided and bringing j)()rtions of the lower 
beds to the surface between the divided branches, whilst the dislocation 
itself is marked by a quartz vein and a mass of breccia containing frag- 
ments of the sedimentaiy beds, precisely as in the similar case men- 
tioned already as occurring in South Rewah. In the eastern ])ortion of 
the field the general dip is north, increasing in intensity near the faulted 
northern boundary, l)ut great rolls of the strata take place throughout 
this portion of the field, whilst to the w^estward the whole area is occupied 
by nearly horizontal beds belonging to the upper sub-divisions. 

The grouj)S represented in this field and their approximate thickness 
are the following 

j 1.500 to 2,000 

liumkar ahont 1,800 „ 

Talcliir ....... 500 

The Tfilcliirs occupy the south-eastern corner of the field ; they re- 
appear between the branches of the fault forming the northern bound- 
ary, and they are rei)resentcd in the extreme west of the field, where 
they form the usual tongue-shaped extensions occupying old hollows in 
the metainorphic rocks. This field is the ty]>ical locality for the group ; 
and all the usual constituent beds — boulder beds, shales, and sandstone — 
are well developed and characteristic. The boulder bed occurs at the 
base, the matrix being sometimes shale, sometimes sandstone, then follows 
fine grccnisli-grcy tesselated sandstone, and, at the top of the group, 
there is a consid(jrable thickness of nodular shale, in which pebbles and 
boulders are occasionally found. Some annelid (or molluscan) tracks 
and a few fragments of ])laiits have been found in these beds. 

1 Sec Mom. G. S. L, I, pp. 33-88. The fiold has reconUy boon re-oxaminod by Mr. Rail, 
who has oonfinnod all tho main iVaiiiros of tho original mapping, and has added some im- 
portant detuils, cspocially as to the rolatiousi of the higher beds in the fiold. See Rcc, 
a, S. 1., X, pp. 170-173, 
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Tlio Darnikln qroiip is reprosentx'd by both Barakars and Kamthis ; 
the Inltor \A'(‘re originally doseribed as Maluidevas, but further research 
has shewn that there can be seareely any doubt of some of the beds in 
the western portion of the Talehir field bein»’ identical with the upper 
group of the Raigarh and Hingir field. The Barakars occupy a very 
large tra(*t in the eastern portion of the field, in which they stretch 
from the northern border nearly to the southern. They arc also repre- 
sented at one jdace in the extreme west of the field near Tipapani in 
Rairakol, but, as a rule, to the westward, they are overlaj)ped 1)y higher 
beds. They arc distinctly uncon form a bio to the Talchirs, and consist of 
white felspathic sandstone, coarse grey and brown grits, blue and carbon- 
aceous shales, and some beds of inferior coal. At the best known coal 
locality, Gopal}»rasad, about 12 miles west of Talehir, the combined 
seam of coal and earl)onaceons shale is of great tliiekness, j^robably not 
less than 100 feet, in tliis resembling the seam already mentioiied as 
0 (*curring at Korba <»ii the IIasd<), and the coal seams of Chanda in the 
Godavari area. 

Tlie upper beds are unconformablo to the* Barakars, the uncon- 
formity l)eing not only shewn by ov<‘rlaj), bill actually seen in a section 
Jit Pjitrjqiada on the INIedulcji strcjim and at another near Tipapani. 

The rocks resting u])on the Ihirakars near Bjitrapiida consist of yellow 
jind white sands! on(‘s with pur]>le clays having some resemblance to the 
upper Kamthis nojir Chandji, and also to pome f)f the Pjiuehet beds in 
the Dainuda vjilley. The beds near Palrapada attain a thickness of 
;it least 000 feet, and a]ipear to be more disturbed tluin the conglomerates 
and grits which rest ii])on them. Simihir sandstones and clays are found 
in t)ther parts of the field, and, although no fossils have Leen found in 
tluun, lliey may he referred, with mneh probability, to the Kamthi group, 
like tlie roi'ks of the Bjiigarh-Hingir lield. 

The beds forming the higher portions of the hills, in the western ])art 
of the IVdehir field, consist of grits and conglomerates containing 
p(*bbU‘s of gneiss, (piartzile Jind sandstone; some of the sandstone 
fragments closely resemhle Tdlehirs, but may be derived from certain 
Vindbyan beds which are very similar to Tak'hirs in mineral chjiracters. 
Thes(‘ eonglomeratie iijiper beds are all more* or less ferruginous, and 
e(»ntain bands of jjispery ironstone like those in the Mahadevas of the 
Siit juira hills and the Kamthis of Njigpur. The apparent diflerenee in 
llu* d(*gr('(* of disturbance, to which the beds sii])posed to represent the 
K.imthi gronj) on the one hand, and the overlying conglomerates on the 
i»thev, have heen siibjecled, has already been mentioned ; it ajipears ])ro- 
bable that the last named represent some u])])er Gondwana formation, and 
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they may be referred to the Mahadeva series. They exhibit some 
resemblance to the lijijrnahal beds of Atgarh near Cuttack. In the Ouli 
river south of Pat rapada the upper conglomerates are about 800 feet thick. 
The examination of the beds above the Barakars in the Talchir field is 
very difficultj as the upper members of the series arc found in a very 
wild, almost uninhabited country, destitute of roads and consisting of 
flat-topped hills covered with forest, and intersected by deep gorges. 
There has hitlicrto been no opportunity of mapping the sub-divisions in 
detail, and no attemj)t has been made at separating them in the map. 

The rooks rcfeiTcd to tlie Kamthi and Mahadeva groups o(*cu]\y 
nearly two-thirds of the area of the field, including, with the exet*])- 
tion of the small strip of Talchirs (and in one case Barakai s) alieady 
mentioned, all the western half, or rather more than half. Tlie u|)])er 
beds also occur in some small patches along tlic noithcrn boundary, 
the principal of which is a hill, called Kon jiri, on the Brahmani north 
of Talchir. 

No trap-dykes have been found in Ihe Tah'hir basin ; it is probaWe 
that this (jountry is beyond Ihc area aflcctcd hv (‘it her Ibijniahal or 
Deccan outbursts. 

Outliers of Talchir beds in Mahanadi valley.— A few vory 
small outliers of Talchir beds have Ixhu) found to the south of the Raigarh 
and Hingir field; and it is prohahio that the numher may l)e increased 
when the gmnnd is carefnlly surveyed. The only importance of these 
outliers is the indication they afford that the beds of the Goudwana 
syst em formerly covered a wider area. 

Of these outliers^ three occur near th(' Ehe riv(T or upon its hanks 
about 10 miles uorth-west. of SMmhaI])iir. None of these exceeds a s(|uai*e 
mile in dimension. A fourth is found just south of the Mfihanadi ajid 
opposite to the junction of the lilhe. Ajiothcr is met willi about 10 
miles farther south on the Paljor river, a t rihutary of the Ong ; and yet 
anothin’ ex])osure of Talchir ]>eds has been noticiHl on the Tid river, about 
SO miles south of Saml)alpur. 

V. SATPtJiiA mxiiox. — In the preceding pages of the present (diapter 
the belt of Gondwana nx-ks has been traced siuith and south-c'ast from 
the great central area in the vallo}' of the Son to tlie hasins of the 
Mahanadi and Brahmani in Orissa. It is now necessary to return to 
the Satjmra range stretching westward from the neigh houihood of 
Sohagpur in the upper Son valley, the area, intervening Ixitween the 
two regions of Gondwana rocks being covered hy th.e basaltic' lava 

1 Bnll, Rec. G. S. I., X, p. 172. 
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flows of thcDcocan trap. In the wesicni or Satpura region the relations 
between the Goiidwana beds and the surrounding rocks are very differ(‘nt 
from those which are so generally seen elsewhere. Instead of in(»r(‘ly 
oeeupying basin-shai)ed depressions in the older formaiions^ the (loiid- 
wana formations occur in the Satpura hills as a vast inlier ex])osed 
by deinidatioii and surrounded on all sides except the north, and for 
some distance on the south, by bedded volcanic roc'ks of hit ( m* date. 

The Narbada valley is a great undulating ])lain, (‘hiefly covered 
by post-teitiary deposits, beneath which, in places, the older rocks arc 
exposed. These are, in almost all cases, nnctamorj)hic or transition. To the 
north of the broad alluvial valley is a range of hills formed of Vindhyan 
sandstones (iapped with traj). To the south the ranges are formed of 
the Gondwana series, also capped by tj’ap. East of Iloshangabad, the 
rocks of the latter scries are nowhere known to extend to the north 
of a line drawn along the northern base of the hill range. Further west, 
how(?ver, a few representatives of the highest Goiulwana group have 
been found to the north of the river, though still in the valley itscflf. 

In the present section the following tracts will be described ; — 

1. Siilpfirn Imsin. 

2. U])])C!r Ta])ti area. 

a. Siiiall arcus on tlic lower Narbada, west of Hosbanj^fibad. 

1. Satpura basin. — The Satpiiracoal basin ^ derives its name from 
the great range of hilly country lying south of the Narl)ada valley and 
se])arating the di’ainage area of tliai river from those of the Ta])tt to the 
west and the Godavari to the east. ^J'he range is known under various 
names, one of which is Sat j)ura. The area occujued by the Gondwana 
rocks may be considered as extending from the neighbourhood of Jahalpur 
to Lokartalai, south by west of Hoshangabad, a distance of between 170 
and 180 miles, but the little tract near Jabalpur a])pears to be eomi)let:ely 
cut) off from that to the westward by the overlying volcanic rocks, which, 
west of Jabaljmr, overla]) the sedimentary beds, and project to the 
northward, until they rest upon the metamorphie rocks of the Narbada 
valley. The Jahalpur tract is, however, scarcely worthy of separate 
notice j it is entirely composed of iij)pcr Gondwana beds (Jabalpur 
group) and extends for at least 2-5 miles, with one interruption near 

» For detailed descrii>iioiis by Messrs. ,1. G. and IT. U. Medlicott, seeMem. G. S, 1., II, 
pp. 07-2G7; X, pp. (m)-(18S) and Hoc. G. S. I., Ill, pp 03-70. and VIII, pp. 65-86. 
Tbe distribution of the Gondwana f^roups on tbe maps published in tbe second volunit? of 
the Memoirs has since been aseertaiiUHl to be erroneous, though ibe boundaries of tin? eoal- 
lii’Ul are, as a rule, accurately laid down, except on tbe IVneb river. 
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Lameta Ghat, along the edge of the traps which cover all the country 
to the southward. The beds exposed consist chiefly of the usual lavender 
grey and white clays, and earthy sandstones, usually soft, but occasionally 
much indurated. They appear to rest in jdaces on the metainorphic rocks, 
and in places to be faulted against them. Some coal is found in the 
J aba Ipur group at Lameta Ghfxt on the Narbada ; the scam is of small 
thickness and irregular, and the coal has the usual peculiar structure, 
resembling that of jet. 

Another similar belt of u])pcr Gondw ana (Jabalpur) bals extends 
upward of '20 miles along the edge of the trap country cast, and south- 
I'.'ist of Narsingj)ur. It is broader than the tract near Jabalj)ur, as it 
runs in some places for 5 or 6 miles up the valley of the Omar, 
Sher, and other rivers, which cut deep gorges out of the overlying 
volcanic rocks. The beds exposed e^msist of conglomerates at the base, 
suc(;e(?ded in ascending order hy soft shales, some of them cai-bonaceous 
and containing bands of jet coal, which arc in places nearly 2 fe<‘t in 
thickness, but generally much thinner. Ecsting ujKm the shales are 
<;oarse sandstones and grits, which probably represent the Bantlugarli 
sandstone of the South Eewah basiii.^ 

The Satpiira tield proper may be considered as commencing on the 
eastward nearly due south of Narsingpur, and as extending thence to 
Lokartalai, a distance of alKRit 11 0 miles, whilst the gri‘atest breadtli 
at right angles to the above is nearly 40 miles. The Gondwana area 
is Ijroadest to the castwaixl, where, however, it is greatly covered by ti’ap ; 
it contracts rapidly to the west of the Tawa valley. 

Divested of its covering of volcanic rock, this tract would probably 
exceed 2,500 scjuare miles in extent, without taking into consideration 
its extension to the eastward ; the area of Gondwana roeks actual iy 
exposed is, however, less than 2,000 square miles. The greater portion 
of this region is drained by the valleys of the Hard and Sakar, Sitariva 
and Dudhi, all tributaries of the Narbada, to the oastwaid; whilst 
to the west a numl>er of streams, the largest of which is the Dtaiwa, 
unite to form the Tawa, the largest stream wdiich jf)ins the Narbada 
west of Narsingi^dr. The south-rastern portion of the area, however, 
is not in the Narbada basin at all, but south of the watershed, and 
it is drained by the Kanban and the l\m*h, both of which run south 
toward Nagpur, and there unite with other streams to form the* Wain 
Gaiiga, which joins the Godavari. 

The general geological relations of the Sati)ura Held rcsemhle those 

' Oij tli<‘ piiblislicil ni«p IbtTc is some confusion between these sandstones and Uie 
liiiimto wbieb were at the time suj))»osed to be the equivalents of the Mabadevas. 
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oE other Goiidwniia areas in this respect, that there is a general dip 
across the field (in this ease, ns in South Rewah, from south to north), 
the lowest hods l>(‘ing chiefly exposed near the southern boundary, and 
fhal the northern honndaiy is, on the whole, \v' \ nearly a straight 
line. But it has h<‘<'n shewn that the iip]>( r Gondwfina rocks in 
places (.vorlap this line and rest upon the metainorphic rocks to the 
northward, and it has consequently been suggested that th(» original 
survey of the field was erroneous, and that the northern boundary is 
not a line of fault. It must, however, be remembered that the lower 
(iondwana rocks are nowhere known to overlap the boundary line; that 
there is good evidence in Bengal for believing that great disturbance 
took place after the consolidation of the lower Gondwana beds and before 
the deposition of certain upper Gondwana groups ; and that it is quite 
possible that the main northern boundaiy of the Satptfra basin may 
be along a line of fault affecting only or chiefly the lower Gondwana 
beds. It was clearly shown in the original account of the Sjifpiira 
basin * that the supposed line of fault bounding the Damuda beds to the 
north is distinct from that forming the northern limit of the Mahadeva 
series, and it is als(» shewn that the boundary of the latter is occasionally 
natural. It is true that some of the data n])on wlii(h these views 
Mere formed may need slight modification, but there is still a ])robability 
that the general conclusion is correct. 

'riie area north of the field being thickly covered with the gravels and 
other alluvial deposits C)f the Narbada valley, it is impossible to say 
tlial the bnve r (Iondwana rocks do not o<*cur in ])laccs; but judging by 
other Indian c(»al-f]elds, it is iinprobaldc, and hitherto all attempts to 
find tbein have ])roved a failure. 

The northern portion of the field consist .s ciiieny of gri‘at sandstone 
plateaus, coin]f 0 .sed of the sub-divisions of the Mahad(.‘va formation. 
Towards the east and nest tlu^se ])lateaus terminate to the northu’ard 
in scarps, SOO to I,(H)0 feet high, overlooking the alluvial ])lain <;>f the 
Narl)ada valley. The central portion of the field is composed of the 
mass foriniiig the i^ichmarlii or Mahadeva hills, rising to an elevation 
of 4,^180 feet, and consisting of the typical Mahadeva (Pachmarhi) .sand- 
stone. The southern portion of the field is less hilly, being composed 
of lower Gondwana rooks, but these appear at a considerable elevation to 
the south-eastward on the top of the watershed between the Narbada 
and (jodavari drainage, and in the high upper valleys of the Pencil and 
Kanh.in, whilst to tlic westward they occuj>y tlie much low'cr ground of 
the u])per TM\va valley. 


' Mom. G. S. 1.. IT, pp. 231, 237, &c. 
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The following are the groups exposed in the S^tpura basin, and their 
approximate thickness where most fully developed : — 

Uppeb Gondwana — 


Jabalpur group 

? 1,000 

Mabtideva series — 


Upper — B/igi'a group 

800 

Middle — Denwa 

1,200 

Lower — Pacbmarbi . 

. . 8,000 

Lower G on d wan a — 


Uainuda scries 


tTnnpr— f 

IJpper _ 

4,000 
? G,(XK) 

liower — Barakar group * 

? 500 

Talcbir group , . . . . 

1,000 


The thickness of the Damdda groups is considerable, Init has not V>c<*n 
accurately determined. 

It is quite unnecessary to describe these different gronjus in ib tail 
here, as a description of each of tlie Mahadeva and upjH:*r Pamuda sub- 
divisions has already been given in the general account f*f (he Gondu^na 
scries. All that is now requisite is chiefly to point f»iit the distribution 
of the various groni^s witliin the area of the coal-field. 

The Talohir bcus, consisting of the usual sandstones and days, with 
boulders, occur continuously along the southern boundarv. In ^onu* 
places, as at the head of the Tawa valley, south of Mottir, they are \ erv 
thick, and arc peculiarly well exj>osed on llie liill .«;ides. They are also 
foinul in several places along the northern boundary, alwavs great I v 
disturbed and often faulted, their mode of occurrence being sonnuvhaf 
obscure. They are thus seem, beginning to the eastward, at Xibhora, 
west of the Hard river, where Bagra beds rest ujxui them ; at ifopaiii on 
the Sitariva, where they arc associated with Barakars ; in the gorge of 
the Anjar, above Faiehj)Tir; in the Amjkli stream, near Bargaiuli ; and 
around Ahoni on the Kukurkliadi stream, north of Paclimarhi. Except at 
Mopani, the overlying rocks in all cases belong to high Mahadeva 
horizons, and are of course quite unconformable. In the upper Tawa 
valley the line of division between Talcliirs and I5arakars is less marked 
than usual, the two groups appearing to pass into each other. 

The Jlarakar is the only group in which useful coal has hitherto been 
found. Like the Talchirs it is chiefly exposed near the southern bound- 
ary. It oeenpies a consideralde ar^a in the upper Tawa valley and in the 
Kaiihaii and Pencil valleys ; it presents the usual appearances and consists 

* Whilst tlioso piifres wore pjissiiij? tlironjrh the press, [)r. Feistnmntcl asocrtiiincd that 
a portion at least of the rocks liiUicrto classed us Barakars in the Satpuru rej'ion belon^js to 
the Kurhai’bari group. 
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of folsj)ailiio brown, grey and whitish sandstones, flaggy beds, sliale 
and ( oal. The eoal seams in the upper Tawa are thin and, as a rule, 
inferior; they are, moreover, very irregular in thickness. There is much 
more eoal in the Peiich valley, and many of tlie seams are of considerable 
lliiekness and of fair quality ; but the distance from all roads and the 
very hilly and difficult nature of the country to the northward have 
hitherto })reYcnted this coal from being worked. 

Tliere is only one locality in which the llarakars ^ appear near the 
northern boundary ; this is at Mopani on the Sitariva, where they are 
much disturbed and tilted, Talchirs a])pearing at the axis of a sharp 
anticlinal fold,” to the north of which the Ihirakars dip sharply ; north- 
ward these arc succeeded by Mahadevas with the same high dij); and the 
laticr arc covered up and concealed by the alluvium of the Narbada 
valley. All the Gondwana rocks are excessively crushed in this direc- 
tion, and they are probably close to the boundary of the field, but no 
other rocks arc seen, though both to the cast and west metamorphic 
rocks come to the surface along the edge of the alluvium. An attempt 
to bore to tlie northward proved the alluvial dej)Osit to be at least 491 
fc(jt thick. At this depth the boring was susj^endcd, no hard rock 
having been reached. 

To the south of the anticlinal the dip is lower, and there is much 
less crushing than to the northward. Three seams of coal occur, one 
1 *2 feet, the second 18, the third 14 feet thick, 2 feet of the last 
named being, however, shale ; these seams have been worked for some 
years ])ast l)y the Narbjida Coal and Iron Company. The quality of the 
coal is fair, but not equal to the best coals of Bengal. The Barakars 
are faulted against Mahadeva beds belonging to the Bagra grorq) just 
south of the colliery, and Mahadevas also cover the Barakars, close by 
to the eastward, and again at a distance of bctw(ien 0 and 8 miles to 
f he westward, the intervening ground being much concealed by allu- 
vium. Altogether the little area of low’^er Gondwana beds about 
Mopani has much the appearance of being brought up between two east 
and west faults. 

The Motiir beds consist of sandstones, white or brown, with bands 
of red clay and some nodular limestone, and much resemble the Panel lets 
of Bengal. The Bijori rocks arc more like oidinary Damudas, and com- 
prise fi^lspathic sandstones, flaggy beds and shales, sometimes earthy, grey 
or brown, and occasionally carbonaceous. No eoal has been found in 
these bids. The area of these two upper Damuda groups is in the 

* Probn\)1y Karliarbaris : sue note on lust jiage. 

5 Sue- Itec. G. S. 1., Ill, p. 63. 
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^roiit flats and hill ran^i^es drained by the Tawa and its tributaries and 
lying south of the Pachmarhi range. They here occupy a large tract 
of country upwards of 50 miles in length and 20 in breadth where 
widest. 

The lowest portion of the Mahadeva group consists of the thick 
massive sandstones and grits of the Pachmarhi hills. These are well 
seen in massive, nearly horizontal beds, along the scarp forming the 
southcni face of the range. The Pachmarhi group is traced for some 
00 miles from cast to west, and its outcrop is, where widest, 12 miles 
across ; but it is evident that the group is thickest here, and that it gra- 
dually til ins out in both directions. How far this thinning out is due 
to ro])lacement by beds having the lithological characlcrs of the ujiper 
Mahadeva groups, and to what extent it is due to a difference in the 
amount of sediment deposited in neighbouring areas, is less clear : in 
places to tlie eastward ilie former certainly appears to be the case. 

The Denwa group shews some rejietition, at a much higher horizon, 
of the conditions which prevailed dim’ng the deposition of the Motur 
sub-division of the Damudas, and consists principally of pale greenish 
yellow and bright red mottled clay with suboi-dinate liands of sand- 
stone and some thin beds of limestone. This grouj) is chiefly develoiied 
north of the Pachmarhi hills ; it is overlap])ed to the west, but continues 
for a long distance to the eastward, though its appearance is less 
typical than in the Denwa valley. 

To the Denwa group apparently must be referred the rocks seen in the 
Moran river, near Lokartalai, in the extreme north-west of the field. These 
beds consist of sandstones, shales (some of which arc carbonaceous) , and a 
scam of inferior shaly coal, about 4 feet in thickness, but apparenlly 
wortlilcss for fuel. Some other coal scams have been p7X)Vcd to exist by 
boring, but none appear to be of value. The Denwa beds arc broiight 
u]> by an anticlinal, and are apj)arcntiy only exposed for a short distance 
in the immediate neighbourhood of the stream. Tliese beds were 
formerly referred to the Damudas, but the? discovery in them of PlUo- 
phythim acutifoUvm and P. cuichensc has shewn that they must be 
referred to an upper Gondwana liorizon. 

The B%ra group is chiefly conglomeratic, — sandstones, limestones, 
and clays being of less importance. It extends almost throughout the 
northern edge of the field. 

The .Tabalj)ur group is chiefly found to th coastward ; it forms nearly 
the whole of the sandstone area north of the trap and east of the Dudhi 
valley, l)ut west of that river it is only represented by oiitlying patches. 
The most western of these outliers is ai Chatar hill, a little west of tlie 
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Diicllii rivo]*. Tliere is, liowover, an outcrop of whitish sandstone with 
wliite shale and ])yritous coaly shale resting on the Bagra group near 
Znmaiii, nearly due south <:)f Hoshangahad, and this exposure appears 
also to l)e]ong to the Jahalpiir horizon. 

Tra])-dykes abound throughout the whole area, many of them 
being of large size, and in places irn^gular intrusions of trap have 
a tendency to run horizontally between the layers of bedding. This 
is chiefly the case amongst the Ijcds of the ui>}>er (londwana scries, and 
especially in the Jal)alj)ur group. 

2. Upper Tapti area. — This tract is entirely outside of the Narbada 
valley, and is situated on the head waters of the Tajdi. It lies, at an 
elevation of 1,500 to 2,000 feetahovc the sea, on the plateau wliich forms 
the watershed of the Sai])ura range, and exlends along the edge of the 
traps, intervening between them and the underlying metarnorphics, 
throughout a considerable area west and north-west of Betiil.^ Tlie 
boundary of the volcanic rocks is here very tortuous, and forms a series of 
curves, owing to the iri-(\gular action of denudation. The sandstones and 
eonglomerates between the tra])s and the metamorphic rocks vary greatly 
ill thickness; throughout a considerable tract they ajipear not to exceed 
100 f(‘(d, and they arc often thinner. The lied in this case is coiiglo- 
meratie and sometiin(‘S (herty,aiKl it a])poars to belong to tbe Lameta group. 
But near tbe villages of Alani]>iiv, Khetta]>ani, and Khamapur, 25 to 30 
miles west by north of Betul,and again in the Ta])ti river about the same 
distance west of tbe station, soft red argillaceous sandstones, with harder 
bands, and oeeasionally with red shales or clays, are ex])osed, inucli 
resembling some of tbe Maluideva formatic>ns, and ])robably rej)resenting 
a portion of tlu' Cjondwana series. No fossils have, however, lieeii found 
in these ))eds. 

3. Areas on Lower Narbada, west of Hoshangabad.— For 

some distance west of Lokartalai, where the Oondwana rocks of tb(‘ 
Satpura lield disa])]K*ar beneath tbe Dceean traps, there is, along the 
southern edge of the Narliada valley, and at the liaso of the hills which 
oceuj)y the eountry to the south, a line of disturbance in eontimiatioii 
to the south-westward of that .seen along the northern boundary of 
the Sat j)ura held. Along this line of faulting the volcanic layers are 
turned ii]i sharply and di]) to the south. From beneath them, here and 
there, small outcrops of sandstone appear, evidently belonging by their 
characters to the Ihigra grou]i of Mabadevas. The best exposure is in 
the Gaiijal stream, 0 or 7 miles west of Lokartalai. Sandstones arc traced 


J Mem. G. S. I.. Vr. pp. (272)-(275). 
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at intervals for 4 miles further^ and the line of disturbance continues 
for 25 miles. 

Close to Barvvai on the Narbada, about 100 miles below Hoshaug- 
abitd, and 80 or 90 west by a little south from Lokartalai, some coarse 
conglomerates, with a matrix of clay, occur beneath anotlu'r conglomer- 
atic band containing oyster shells: ihe laticr, which belongs to the 
cretaceous Bagh beds, being unconformable to the other. The lower 
conglomerate has now^ been recognised ^ as IMahadeva, and this recog- 
nition renders it j)rol)able that seme of the other sandstones of the low’^er 
Narbada valley belong to the same formation. 'I'he Maliadcvasof Barwai 
aiv of small thi('kness and rest on Bijiiwar rocks. No trace of Dainudas 
(*an be detected. 

Somewhat similar conglomeratic beds to those of Barwai have been 
tra(*ed, at intervals/'^ thronghout a considerable area to the eastward, 
between Barwai and Hindia, intervening l)et ween the base of the traps 
and various older rocks, Vindhyaii, Bijawar, or metjiinorphic. These 
conglomerates, however, af)[)ear to be, as a rule, of later date? than the 
Mahadevas, and to repres(‘nt the Lameta groui). Still, further examina- 
tion will be necessary to test the presence or absence of Mahadeva out- 
liers. Tn one ease*, at Bhorla, near Punassa, south of the Narbada, these 
conglomerates a])])ear with nodular grey limestone resting upon them. 
The latter is prohaldy a re]>resentativo of the Bagh beds : th.e conglo- 
merate may Mahadeva. In this ease the underlying rock is not seen. 

West of Barwai tlu* Narbada valley is entirely com}>osed of tra)> for 
about 50 mik‘s ; ])(‘yoiKl tliis distance inliers of metainorjdiic and Bija- 
war rocks rcjip])car. Around Bagli there are several such inliers, and 
in all of them fossiliferous crctaccons beds, resting- upon sandstones, 
intervene between the tiaps and the old crystalline rocks. Tiic sand- 
stones thin away to the nortliward, hut l)ccome mucli ihi<*ker to the 
south. They o(‘Cupy a eoiisiderahlc traet )>etwe(‘n the tra])s and themeta- 
morphie rocks west of Biigli, hut they gradually thin uiil again and 
disaf)j)ear along the soutlicrn edge^ of the great inetamoiphic region of Chfda 
l'd(‘j)ur farther to tlu* west. The great tract of inetaniorjdiic rocks 
extends west ward to the ncighl)oiirhood of Baroda, whilst the valley of 
the Narbada to the southward is formed of trap, iu which inliers of the 
sandstones, with the (‘aleareous Bjigh hods resting upon them, arc cxi)osc(l 
in ])laccs through denndatiem. llicrc arc several such inliers south of 
Bagh/ some others south of (^hola I depur,'' and the largest is south of 

1 


1 rav. (i. s. 1 ., viir, p. 73. 

2 Morn. (1. S. I., VI., p. (217). 

pp. (213), (212), (307), Ac. 


S. 1., VI., p. (310). 
" Ih., p. (323), &c. 
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tlie Narbada,, on the Dova stream, at the boundary between the small 
states of Rajpijda and Akrani. This inlier^ is about 10 miles across 
from east to west and nearly as much from north to south. Below the 
tra-j)S are about 500 feet of calcareous shales belonging to the cretaceous 
formation, succeeded in descending order by sandstones and conglomer- 
ates, of which at least an equal thickness is exposed. There is ap])arent 
conformity between the two, and both tend similarly to increase in 
thickness to the southward. It is far from impossible that the sand- 
stones may represent the Mahddeva formation. 

Similar sandstones again occupy a considerable tract north-west of 
this Deva inlicr and south-west of Baroda, at the edge of the alluvium 
of Giijrat. In no case has a trace of any lower Gondw^ana rock been 
detected in the lower Narbada valley ; the conglomerates and sand- 
stones, just mentioned as possibly of Mahadeva age, in this region, 
where their base is seen, rest upon the transition beds or gneiss, without 
any intervening band of Talchir or Damuda rock. The country has not 
yet been examined sufficiently closely to prove the absence of lower 
Gondwana beds, and it is possible some may occur beneath the sandstones 
of the Deva valley, but it is extremely improbable that, if they do, no 
trace of them should have been detected in the numerous localities from 
Bagh to the neighbourhood of Baroda, in which the sandstones beneath 
the Bagh beds are seen resting upon older formations. 


1 Mem. G. S. I., VI, p. (347), &c. 
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CIIAPTEll X. 

PENINSULAR AREA. 

GONDWANA SYSTEM COnUuued. DETAILS OK GONDWANA BASINS. 

VI. Godavari Rechon — 1, Tiilicrs near Elliclipiir — 2, Inliers west and nortli-wcst of 
Nagiidr — 3, Kdintlii uvea — 4, Bandar coal-field — 6, Outliers near Kliairand Arjiina, 
south of Wun — G, Wardha-Pranhito-Godavari basin — a, Wardha (Chanda) coal- 
field — 6, Central portion — c. South-eastern extension to neighbourhood of Elloro and 
Rajainuliendri — 7, Kainartt.m coal-field — 8, Singareni coal-field. VII. East Coast 
Region — 2, Athgnr — 3, Outcroi)8 cast of Kajaniahendri — 4, Ellorc — 5, Onglc 
outcrops — 6, Sriperinatdr outcrops — 7* Trichinopolj or Utatfir. 

VI. Godavari region. — The area occupied by Gondwana formations 
in the Godavari valley is probably greater than in the drainag*e area 
of any other river. The name Godavari is restricted above Sironcha 
to the southern affluent of the river, hut the northern branch, known 
as the Pranhita, and formed by the union of the Pen Ganga, Wardha 
and Wain Ganga, is equal in size to the main stream. The great 
Godavari belt of Gondwana rocks extends from a few miles south of 
Nagpiir, through the plains of the Pranhita and Godavari, to the coast 
alluvium in the neighbourhood of Ellore (Yelaur). A great part of 
this area is but imiicrfectly known, and only a few tracts have received 
more careful examination. It will be necessary to describe these tracts 
separately. 

A detached area occurs at the edge of the trap region close to 
Nagpur, and inliers arc exposed within the trap boundary west and 
north-west of Ntigpur, and again near Ellichpur in 13erar. The latter 
localities are beyond the Godavari watershed, hut it is best lo consider 
them in connexion with those included in the latter, as they are 
intermediate between the Satpura fields and those of N%pur. Other 
outliers occur further to the south and south-east, and doubtless more 
remain to be discovered. 

The following areas will be noticed under this general heading : — 

1. Inliers near Ellichpur. 

2. Ditto west and north-west of Nagpur. 

3. Kamthi area. 

4. Bandar coal-field. 

5. Outliers near Khair and Arjnna south of Wun. 
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U. \Viiidha-l*r;inliita-Cl«ulttvari basin, 
rt. — Wanllia ooal-fiold. 

d . — Central ]>()rtion from tbiril to first barrier of Uu* (iodavari. 
f. — South-eastern portion from first barrier of the Godavari to the 
neighbourhood of Ellore and I»ajamahendri. 

7. Kamarain eoal-field. 

8. Sinj^areiii eoal-field. 

1. Inliers near Ellichpur. — Aloiio- the souiliorn senrp of the gront 
s])!n’^ whieh, sejianiliiig from tlie Sat|)fira range near Ikd iil (Baiiool) and 
extending from east to west between the valley of thcTajdi and that of its 
great atlluent the Piirnaj is known by the name of the Gawilgurh 
(Gawelgarh) hills^ there is, north and north-east of Elliehpur, a line 
of fault, running east -north-cast to west-south-west, and having a 
c'onsiderahle downthrow to the south. Along the northern or iij)thro\v 
side of this fault, sedimentary heds a})])ear, in jilaeos, from heiieath the 
Deeean tra])s forming the whole of the surrounding country, and ex- 
tend for a eonsiderahle distanee — in one ease for several miles — along 
the hase of the hills. These exj)Osurc.s are hut ilO miles south -south-east 
of the sandstones in the Tapti west of Betdl. 

The most western of these inliers occurs about S miles north of 
Elliehpilr, and extends oast and west between 6 and 7 miles. For 10 
miles to the eastward no sedimentary rock is seen in place, hut in one 
sjK)t, 0 miles west of Tvhirha, some blocks of sandstone occur, and 
there may be a small outxToj). At >5avba, about miles east by north 
of Fdliebpilr, the sandstones reappear north of the faidt, and extend for 
15 miles. Tluy tluMi disa])])ear again, but two smaller inliers, each about 
a mile long, oeeur at short intervals just beyond. 

In these inliers Laineta (eridaeeous) ImhIs oienr immediately boneatb 
tbi^ basaltic Irajis, and are siieeeeded in des('endii\g ordi*r by about 
50(1 feet of strata eomprising felsjiathic sandstones, white and brown 
eonglomiTatie lieds, oeeasioiial ferruginous beds, and thin layers of white; 
and [)urple shale. It has not been deeided whether these rooks are of 
Kamthi age or wlu‘ther they should he referred to the; Maliadeva 
series, no distinguishahle fossils having been found. 

No beds of Barakar or Talohir age have been det(‘(*ted, and the hase 
of the sedinuailary beds is not seen, whilst an atteanpt to discover coal 
by boring jiroved unsueeessful. Metamorpliie rocks ajipear in one 
j)laee along the southern edge of the sandstone, and are apparently 
brought up hetween two favdts with their throws in opposite directions. 
As thi‘se faults eoineide at each end of the strip of metamorphics, there 
is (‘videiKH* in this instanee of two throws in opposite directions having 
laken place along the same line of weakness.^ 

' For I’urtbor «lotnUs see M<*m. G. S. 1., VI, pp. (277)-(28;i). 
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2. Inliers west and north-west of Nagpur —These iuliers 
are about 30 miles east of the last mentioned, and are three in 
number.* Two occur close together near the villages of Chorkheri 
and Khtkheri, alwut 30 miles north-west of NagpiSr ; the third near 
Bazargaon, about 20 miles west of Nagpur, 

The Chorkheri inlier is only 4 miles in diameter from north- 
west to south-east and 3 miles broad. That of Kiitkhcri lies miles 
to the south-east of the other, and is only a mile in length. The 
Bazargaon inlier is 10 miles from east to west, and from north to south. 
Tlie only beds exposed in any of these inliers belong to the Kdmthi 
group. The existence of these patches of sandstone jiroves that similar 
beds in all probability underlie the traps in this part of the country over 
a considerable area. 

The only rocks found are coarse, gritty, felsj)alhie sandstones and occa- 
sional bands of hard com]>act shale, i*cd or yellow in colour. In the 
Bazargaon inlier some of the sandstones are conglomeratic. No trace 
of Barakar beds has been delected in these inliers. 

3. Tg'mnthi area. — Imnn'diately north of the town of Nagpifr, 
a small tract of Gondwana rocks apptfars at the (;dgc of the trap 
area,® and extends fron> the village of Kamthi, whence the military 
cantonment of Nagpur derives its name, tf) the small town of Kelod, 
a distance of rather more than 25 miles fi-om south-east to north- 
west ; the greatest breadth of the tract at right angles to the above 
is 9 miles. The north-eastern boundary apiiears to be straight or 
nearly so, and is probably a fault, but it is ill seen throughout the 
greater portion of its length. Beyond it to the north-east the country is 
composed of metamorphie gneissic rocks, but both the gneiss and 
the sandstones are greatly concealed by alluvial deposits of consi- 
derable thickness. The south-eastern Iwundary ai)i>cars to be natural 
and tortuous, metamorphie rocks appearing just lieyond it in several 
places. To the west and south the sandstones disap|X}ar beneath 
the Deccan trap. The area occupied by sedimentary rocks of the Gond- 
wana series somewhat exceeds 100 square miles. 

Tins tract of sedimentary beds has long been known, having 
attracted attention from being in the neighbourhood of a large town, 
and from some of the fossiliferous beds being extensively quarried. The 
urea has moreover been exceptionally fortunate in having been thoroughly 
explored by the late Mr. llislop. The only groups represented arc 
Talchirs and K am this. 

1 Meiii. (i. S. I.> IX, p. (313). 

2 For lulUr (losiMii't ion, st’c Mom. G. S. I., Vol. IX, pp. (205)-(330). 

P 
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The Talehirs are represented only in two places. The first of these 
is near a village called Korhidi, about 6 miles north of Nagi)ur, where 
some reddish and olive-grey shales occur in streams just east of the 
road from Nfigpur to Chhindwara. These shales contain large rounded 
boulders of metamorphic rocks and of the characteristic Vindhyan 
quartzite-sandstone and limestone. The Vindhyan fragments are pro- 
bably derived from a considerable distance, as no outcrop of this 
formation is known near Nagpur. The other Talchir locality is a small 
isolated hillock known as Koda Dongn, wlii(di is surrounded by allu- 
vium, and lies on the edge of the sedimentary tract north of the 
village of Patan Saongi, 14 miles north of Nagpur. The hillock 
consists of vertical beds, apparently of Talchir age. 

The Kamthi beds are here seen in their typical locality, and are comjioscd 
of the rocks already mentioned when describing the group as a whole. 
They occupy the whole area of sedimentary beds, with the excejition of the 
two minute patches of Talehirs sjiecified above. They are well seen at 
Kelod, again south of Saoner, and also south of Patan Saongi, and along 
the edge of the traps from Tondakheri to Bhokara north of Nagpdr; 
but the best known exposures are at Silcwara,, 9 miles north of Nag- 
pdr, and Kamthi. At both of these places large quarries exist, from 
which numerous fossils have been obtained. The most characteristic 
beds are the coarse felspathic sandstones, brown, red, or white in 
colour, with bauds of hard ferruginous grit, and the corniiact yellow 
and red shale. There is not a trace of carbon left in the plant fossils, 
and as the Barakars appear to be completely absent in the area, there is 
no probability of any coal occuriing. 

4. Bandar coal-field. — Around the town of Chimur, about 
30 miles north-east of Warora in the Chanda district, a considerable 
tract of Talchir beds is exposed, resting to the east and west on 
metamorphic rocks, and to the south and south-west on Vindhyaus, 
whilst to the north and north-west it is covered by the Deccan trap 
and infratrappean Lam eta beds. This Talchir area is about 1 8 miles in 
extreme length from north to south, and about 10 miles broad. 

In the north-western corner, a few miles north-west of Chimiir, 
there is a small tract, of triangular forai, occupying about 5 to 6 
square miles, and composed of Kamthi beds resting upon Barakars. 
This small area has received the name of the Bandar coal-field.^ The 
Dainuda-beds arc covered by infratrappean beds to the north, but else- 
where rest upon the Talehirs, and they occupy the axis of a synclinal 


Fjr a full account l\v Mr. Hughes, see Mom. 0. S. I., XIII, pp. 115-151. 
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basin. The Kamthis overlap the Bjirakars to the north-east, lait the 
latter underlie the greater portion of the field, their presence having* 
been proved, throughout a square mile, near the village of Bandar, by 
borings. 

The character of the rocks differs in no respect from that in the 
neighbouring Wardha field. A maximum thickness of 3N feet of coal 
has been proved, divided into three seams. The quality aj)pears to be 
much the same as that of the Warora coal. 

5. Outliers near Khair and Arjuna.— Before proceeding to 
the descri})tion of the main Gondwana area in the Godavari Viilley, it 
is desirable briefly to notice some outliers to the west oC the northern 
portion. Near the village of Khair, about 25 miles west of Ghanda. 
a considerable area of sandstone is found extending for ivhont 5 miles 
up a valley between low hills of Deccan trap. Similar sandstone, greatly 
hardened, is again seen to the south, in the Yedurba stream, which is 
chiefly supplied by a copious hot spring close to Khaii*. Two other 
small outcrops sejiaratod by overlying trap arc met with about 2 miles 
further to the s(juth-west near the small village of Kasara, and a larger 
tract of irregular form, about miles from east to west and from 
north to south, occurs still further to the s()uth-w(‘s1, around tln^ 
village of Arjuna, 9 miles south-west of Khair. All these outcrops 
are covered by trap to the north-west. The beds are very ill seen, but 
appear to rest on Vindhyan limestones to the east and south. 

In places the beds of these outcrops are so greatly indurated that 
it was at first considered doubtful whether tlicy (.*ould bo referred to any 
known formation. Tliis is es])ceially tlie case with the rocks on the 
Yedurba stream and near Ar juna. The beds in the valley nortli-west 
of Khair have, however, the usual charaeters of Kainthis, and the dis- 
covery by Mr. Hughes of Talchirs at the southern extremity of the 
Arjuna outcrop has shewn that all the rocks must belong to the Gond- 
Wiiiia series. No exposure of typical Barakars has b(*en delected, hut 
the occurrence of this group is highly probable, and should coal be re- 
quired ill the neighbourhood, the exploration by boring of these areas 
near Khair will become necessary. 

6. Wardha-Pranhita-Godavari basin. — a. Wardka or Chanda 
coalfield . — The large area of Gondwana rocks in Chanda and South- 
East Berar has received much attention of late years on account 
of tlie exertions made to procure from it a supply of coal for parts 
of the Great Indian Peninsula Railway. It is the north-western 
extremity of an immense tract of Gondwana rocks exteiKliug for about 
285 miles from north-west to south-east, and with a maximum 
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l)readth of about 35. This north-western portion having been care- 
fully examined/ deserves a notice apart from the large but less 
thoroughly known region on the Pranhita and Goddvari. The Chanda 
and.Berar area derives its name from the river Wardha, which traverses 
it throughout, and forms its southern boundary, an artificial but con- 
venient limit, at the point where that river, after running south-east 
or south for many miles, turns eastward and runs for about 20 miles 
with a general direction a little north of east till it joins the Wain 
Ganga. The Gondwana area is at this spot much narrower than it is 
to the north and to the south, being only about 1 4 miles broad from east 
to west. 

The tract to the northward of this artificial boundary is about 70 miles 
in length from north-west to south-east, and nearly 80 broad where 
widest; extending to the north west to wdthin 15 miles of Hinganghai : 
the area is about 1,600 square miles. The field may be considered 
as a trough lying between two great parallel faults which run from 
north -w’est to south-east, one forming the north-eastern boundary of 
the field from end to end, whilst the other only forms the actual boundary 
where the field is broadest about Wiin and (>handa; the latter dies out to 
the south-east and disaj)pears to the north-west beneath the trap. The 
Gon<lwana rocks, where most developed in the neighbourhood of (lianda, 
exhibit an anticlinal fold, inudi nearer to their south-western than to 
their north-eastern limit, and they dip on each side of this fold towards 
the boundary. Along the axis of the anticlinal, Vindhyan beds crop out 
in places, and to the northward divide the Gondwana area into two arms, 
each running north-west along one of the boundary faults till the whole 
is covered up by the traj). 'i’o the south, as already mentioned, the 
south-western boundary fault appears to die out and the area assumes 
the normal form of a mass of rocks, di])])ing steadily at a low angle 
to east-north-east, and abruptly cut off in that direction. The area 
to the south-west of the Gondwana tract is chiefly composed of 
shales and limestones belonging to the lower Vindhyan series (Pern 
shales and limestone), and inliers of these rocks are exposed here 
and there wdthin the limits of the Wai'dha field. To the north-east 
and east metamorphic rocks are chiefly to be found, except for about 20 
miles north-east of Chdnda, where the Gondwana roeks abut against 
Vindh 3 ^an quartzites. Every here and there, however, along the north- 
eastern boundary fault, masses of Vindhyan quartzite or limestone are 
found, some of them apparently faulted on both sides to the westward 

* Vhv jucount is iuken from n dt'scriptioii l»v Mr. Mem. G. S. I., XllI, pp. 
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against the Gondwdna beds^ to the eastward against the metamorphics. 
The soutliern boundary of the Wardha field, as already mentioned, is 
artificial ; to the north-west all the older formations, metamorphic, 
Vindhyan, and Gondwana, disappear beneath the overlying Deccan trap 
and the infratrappean Lametas. 

The groups exposed in the Wardha field are the following : — 

Ui>pcr Goudwdna — Kota-Maleri ..... about 1,500 

^Kamthi 2,500 to 3,000 

Lower Gondwdna. •< Barakar 250 

(Talcliir ? 500 

The Talchirs occupy a large area, altogether amounting to about 250 
square miles, and must be of considerable thickness. Immediately west 
of the town of Chanda tlicy cover a tract of country extending more 
than 20 miles from north to south by 14 broad, part of the area, 
however, being concealed by river alluvium. They also stretch for 
about 15 miles along the south-western edge of the Wardha field, in 
the Nizamis territory, south of Kajur, and they are found forming a 
narrow fi'inge on 4he north-eastern edge of the western arm of the 
field north-west of Wun. 

The mineral character of the Talchirs is, as a rule, precisely the same 
as elsewhere. The upper beds are buff sandstones, often with a greenish 
tinge, and a tendency to break up into polygonal fragments. These 
sandstones pass downwards into greenish-grey (olive) silty shales, wither 
without sandy layers, and in these shales, esj)ocially towards the base, 
boulders are common. In one locality, at Irai, on the banks of the Pen 
Ganga (Pern or Pyne or Pain Gunga) river, not quite a mile above its con- 
fluence with the Wardha, Mr. J^dden had the good fortune to discover ^ 
boulders which exhibited polishing and grooving on their surface, whilst 
the underlying reck, consisting of Vindhyan limestone, was extensively 
scored, grooved, and polished, the striae running in long parallel lines with a 
north east by north direction. Some flexible sandstone (quartz grains in 
an argillaceous matrix) has also been found in the Talchir beds south of 
the Pen Ganga. 

The Barakars are very thin, nowhere exceeding 250 feet in thickness, 
and they are often less than this. Their general descending section 
is — 

1. A very thick scam of coal and carbonaceous shale 

2. Sandstones and shales. 

3. A few thin carbonaceous leds, 

4. Sairlstoiies and shales. 


1 Mejii, G, S. I„ IX, p. (234): Ree.G S. 1., VI 1 1, p. 16. 
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'Hh* siinJsUmes iilone l>t‘inf?,as a rule, seen at the surface ; they are usually 
cither hne-graiiied, li^ht-grey beds, sometimes with specks of ferruginous 
(jiiartz, iron ])yrites, or carbonaceous matter, or else they consist of some- 
what coarser beds, white, g*rey, or light brown in colour, containing little 
(•alcareous nodules, which weather out into small excrescences on the 
surface. 

In some places sandstone belonging to the Barakars rests upon the 
Ihick coal seam, but over a very considerable area Kamthis api)ear 
immediately to overlie it. This seam is an irregular mixture of coal and 
carbonaceous shale, the proportions of the two varying in almost every 
oiu; of the numerous bore holes l)y Avhich it has been proved. As a 
rule, the gr(?ater portion consists of coal of rather inferior quality, some 
l)ands, however, being sufficiently good for steam purposes, while all 
might be used as fuel ; the quantity of ash is generally large, varying 
from 14 to over 20 per cent. The thickness of the combined seam of 
<*oal and shale sometimes amounts to as much as 90 feet, but is more 
often between 35 and 50. Some thin seams, none of which are known 
to exceed 2 feet in thickness, are also found at a lowor*horizon. 

The Barakars are most irregularly distributed in the Wardha field, 
being ovcrlajiped throughout a large area by the Kamthis. Owing to 
the mineral value of the Barakars, their extension has been carefully 
determined by boring. They appear in one spot about 6 miles north 
of Warora, but coal has not been proved here. It has, however, been 
found to underlie the alluvial ground near Warora, where a colliery has 
been established, and a large quantity of coal extracted. Barakars also 
occur, and coal has been found, in the bed of the Wardha near Aikona, 
G miles west-north -west of Warora. The dip here is south-west, and the 
coal doubtless extends under the traj) to the southward. 

The next tract of Barakars to the southward is along the arm of the 
held already described as extending north-west of Wun. Here the 
Barakars form a straight outcrop, about a mile broad, dipping south-west, 
and they have been traced for 8 miles from north-west to south-east on 
the surface, and 8 miles farther to the south-east by boring. They may 
be continuous with the area further east and south-east, extending for 
about 20 miles from west of Bhandak to the Pen Ganga west by south of 
tUianda, and containing the thick coal of Telwasa, Ghrfgiis, &c. This belt 
of Barakars extends along the western edge of the Talchir area west of 
Chanda, until, to the southward, the Barakars are overlapped by the 
Kamthis. The BaWikars reappear, however, south-east of the Talchir 
anticlinal, about Ballarpur and Sasti, and are represented, though appa- 
rently but feebly, at Chanda itself, where the upper portion, including the 
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thick coiil^ is absent. They are completely overlapped by the Kamthis 
north of Chanda. The g^reat tract of Kamthis east and south-east of 
Chanda has not been sufficiently explored by boring to ascertain whether 
liarakars underlie it or not. 

One more tract of Barak ar rocks extends for 12 miles along the 
south-western margin of the held from Sirsi, 7 miles south of Rajur, 
to Antargaon on the Wardha, where that river turns to the east ward. 
South of Rajur the Kamtliis completely overlap the Barakars as far as 
Sirsi. Some coal occurs, but the thick seam has not been traced. 

The Ksimthis occupy all the eastern and north-eastern portion of 
the field, as well as a large tract in the north-western portion around 
Wun, and more than two-thirds of the whole surface is composed of 
them. They are unconformable to the Barakars as already mentioned, 
and overlap them in many placics, resting generally upon the Talchirs, 
but occasionally on the Vindhyans. Their mineral character is the 
same as near Nagpilr, excci)t that they comprise in places beds of red, 
yellow, and grey clay. 

At the base of the Kamthi group, the principal beds are coarse-grained, 
j)orous, friable sandstones, slightly yellow, reddish-brown, or grey in 
colour. The porosity of these beds generally enables them to be dis- 
tinguished from the sandstones of the underlying Barakar group, even 
when the Kamthi beds are deficient in the ferruginous bands so fre- 
quently associated with them. These sandstones average 400 to 500 
feet in thickness ; the town of Chanda is built upon them, and they are 
well seen on the banks of the Wardha below the coal pit at Ghugus, west 
of Chanda. Clays and shales are occasionally interstrati (led, but neither 
the argillaceous beds nor the hard irregular ferruginous bands arc 
invariably found. 

Above these lower sandstones, there is, in places, but not universally, 
a considerable thickness of the typical Kamthi beds, consisting of com- 
pact grits, breaking with a conchoidal fracture, and ringing under the 
liammcr, fine-grained or coarse sandstones with red blotches and streaks 
upon a w^hitish, yellow, or brownish-red surface, very fine-grained com- 
pact homogeneous sandstones, having an argillaceous appearance, but 
apparently free from clay, bu£E in colour beneath the surface, but deep 
red when exposed, and ferruginous sandstones and conglomerates contain- 
ing small quartz pebbles. On this horizon in the northern extremity 
of the field, and about fiOO or 700 feet above the base of the group, are 
the beds of Mangli, from which the BrachyopSj EsthericBy and other fossils 
mentioned in the fifth chapter were obtained, and at approximately the 
same x)osition in the group, about 16 miles due west of Chanda, around 
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Kawarsa and Panwat^ some fossiliferous beds were found, from which 
besides a form of Ustieria mangaliensuy Pfigllolheca indica, Glossopferis 
indica, G, browniana, and fragments of Schizoneura have been recognised.* 
In some shales near Chanda, also near the base of the Kamthis, fine 
fronds of Glossopferis have been found, and in another place some im- 
pressions referred to Actinopteris ; but, as a rule, fossils are of rare occur- 
rence in the Karathi group of the Wardha coal-field. 

The ui)per portion of the Kdmthis consists of a great thickness of 
coai se sandstones, grits and conglomerates, with occasional shales and clays. 
The beds are usually more or less impregnated with iron, and sometimes 
are highly ferruginous : manganese is also of common occurrence, and 
in some red clays at Malagarh hill, west of Kawarsa, botryoidal masses 
containing no less than 44*6 per cent, of oxide of manganese were 
found. • 

The ujjper beds of the group are usually poorly exposed ; they occupy 
the wild forest country east and north-cast of Chdnda, sometimes rising 
into low hills, but more often covered and concealed by the thick sands 
and clays which result from their decomposition. A few outcrops are 
seen south of Wun, and in the Wardha below Chanda, but no connected 
section of the rocks is anywhere exposed. It is consequently impossible 
to estimate the thickness of the Kamthi group with accuracy. 

The Kota-Maleri beds are only found north of the Wardha in a 
small triangular tract around the village of Dhaba in the south-east 
corner of the Wardha field. Ikis pateth is the northern extremity of the 
great area which extends to Maleri and Kota, and thence to the south- 
east far beyond Sironcha. The greater part of the area is covemd with 
alluvium, but on the banks of the Wardha, about Porsa, Enkatpur, and 
Sakmfir, sections of the characteristic sandstones and clays of the group 
are seen. The Kota-Maleri group appears to be unconformable to the 
Kamthi beds; but the relations are ill seen in the small area north of 
the Wardha river. 

No basaltic dykes are known in any part of the Wardha coal-field, 
nor have any hitherto been noticed elsewhere in the Gondvvana area of 
the Godavari valley. This absence of all evidence of volcanic out- 
bursts is very remarkable, because the Gondwana rocks disappear beneath 
the Deccan traps to the westward, and an outlier of the same formation 
is found at the south-eastern extremity of the whole tract near Raja- 
mahendri. 

Wardha-Pranhita-Godavari basin.— 6 . Central portion, — From 
the s})ot where the Wardha runs eastward to join the Wain Ganga, just 

' Mum. G. S. I., Xlll, p. 70. 
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al>ove the so-called third Godavari barrier on the Pranhita, a stream 
formed by the confluence of the two other rivers, to within a few miles of 
Dumagudem (Doomagoodiam j, at the first Godavari barrier, is a distance 
in a direct line of about 140 miles. A broad belt of Gondwana sandstones 
extends throughout, but the river does not keep within the boundary 
of the sedimentary rocks. The Prdnhita, throughout the greater portion 
of its course, runs to the eastward of the sandstone area, and the main 
stream of the Godavari, which enters the sandstone some 30 miles above 
the junction with the Pr^inliita, re-enters the older rocks about 25 miles 
below the junction, justabove the confluence of the Indravati (Indrawutty) 
river. Prom this spot the Godavari runs through transition beds and 
metamorphics for nearly 20 miles, forming the portion of its course 
known as the second barrier : the river then re-enters the newer sand- 
stone area, through which it runs till just above the first barrier 
at Dumagddem. The Gondwana rocks, however, nowhere extend far to 
the east of the Godavari, quartzites appearing below the second barrier 
at a short distance from the river bank. 

This large area of sandstone is as yet but imperfectly known ; the 
country is veiy wild and, for the most part, covered with forest, and the 
surface is much concealed by alluvial deposits.' Prom theWardha coal- 
field the present tract is separated by the Wardha river, the separa- 
tion being, as already explained, merely one of convenience, at a 
spot where the field of sandstone is unusually narrow'. To the south- 
east the limit is still better marked, there being a great contraction 
in the breadth of the Gondwana area at Paliincha, 15 miles w’est- 
south-west of Bhadrachelam, where the sandstone tract is only 6 
miles across, while to the north-w'est it is between 30 and 40 miles 
broad, and to the south-east seldom less than 25, and in places consi- 
derably more. The north-east and south-w'est boundaries of the in- 
tervening Gondwana area arc nearly straight, and in general present an 
approximate parallel ism . 

A short distance south of the Wardha the sandstone area becomes 
much broader, and the western boundary thence to the Godavari is 
formed partly by Vindhyan (or Kadapah ?) rocks and in part by the 
overlying Deccan trap, the sedimentary beds being exposed in one locality 
in a valley between ranges of trap hills. South of the Godavari the 
trap boundary leaves the Gondwpna area and runs to the south-west, 
and by far the greater part of the Gondwana boundaries, both to the 

' It is now uiidur examination, and much additional knowledge of its structure has been 
obtained very recently. The follow'ing description is chiefly taken from manuscript reports 
by Messrs. King and Hughes. 



2^4 


GEOLOGY OF INDIA— GONDWANA SYSTEM, 


[Chap. X. 


iiortli-easl and the south-west, consist of Vindhyan or transition rocks. 
Throug’hout a considerable portion of the Gondwana region there is a 
low dip of the strata to the north-east, so that, as a rule, the lower beds 
are exposed along the south-western boundaiy, and high beds abut 
against the north-eastern margin of the field. 

The greater portion of the area consists of coarse sandstone, 
more or less conglomeratic. The groups known to be represented are 
the Kota-Maleri beds, with some overlying sandstones (Chikiala group) 
which closely resemble a higher group in the Rajamahendri country, 
the Kaniihi, Barakar, and Talchir groups of the lower Gondwdna series. 
Both of the latter, so far as is known, are confined to small and isolated 
tracts. 

Talchirs have hitherto been found in a few places only. Of these the 
most northern is ,just north of Naogaon about 12 miles south-west 
of Sirpiir. The area occupied is very small. The same beds, however^ 
resting upon Vindhyans, stretch along the western boundary of the 
Gondwana area from Kairgura, south of Jangaon and 26 miles south- 
west of Sir])ur to the Godavari near Naspur, 22 miles west of Chiniir, 
and probably for some distance south of the river. The Talchirs are 
again found close to Chinur, overlying an inlier of Vindhyan rocks, 
both formations being brought up within the Gondwfina area, in all 
})robability, by a north-west and south-east fault. Throughout these 
exposures the typical Tah;hir shales are rare, the group consisting 
chiefly of sandstone ; but the boulder bed is well developed, the boulders 
consisting partly of Vindhyan, partly of metamorphic rock. In the 
country south-west of the Godavari the Talchirs have been noticed 
around Sallawai (Sullavoy of the map), about 16 miles north by east 
of the great Pakhal tank and 36 miles north-east of Warangal. Lastly, 
they are found in the Tal river, close to its junction with the Godavari, 
16 miles north of Diiinagudem, and extend for some distance to the 
south and south-east along the edge of the Gondwana area. 

Barakars occur on the Wardha near Antargdon, where they form a 
continuation of the Chanda and Sasti coal-field, but they are covered 
uj) and overlapped by Kamthis to the south. They reappear about 
10 miles farther south near Ndogaon, but only occupy two or three 
square miles, and no coal has been hitherto detected in them. A more 
important outcrop extends from Kairgura, south of Jangkon, for 
about 25 miles in a south-east direction to the village of Aknapali. 
The breadth of the outcrop is not more than a mile, and the beds are 
ill seen as a rule, but sections of the typical sandstones occur in the 
streams, and a coal seam has l>een found in three jdaces, the thickness 



Peninsular. ] 


WARDHA-PRANHITA-GODAVARI BASIN. 


235 


exposed varying from 5 to 15 feet. It is by no means improbable 
that this seam is continuous throughout the Barakar area. The quality 
of the coal appears to be fair, but hitherto the seam has not been cut 
into. 

No Bar^kars have been detected resting upon the Tdlchirs between 
Aknapali and the Godavari, a distance of about 16 miles, but it is not 
impossible that borings may shew the existence of the coal-bearing 
rocks. Near Chiufir and Sandrapali, however, beds of unmistakeable 
Barakar character rest above the Talchirs, and fragments of coal found in 
the Godavari, below Sandrapali, probably indicate the existence of a 
seam concealed by the sand in the bed of the river. Barakars are 
again seen in the Godavari at the mouth of the Tal river near Ddmagii- 
dem, and they extend thence for 4 miles to the south, whilst to the 
north they and the underlying Talchirs ai)pear eitlier to be overlapped by 
the Kamthi beds or cut off by a fault. In this neighbourhood the 
Barakars are best seen about Lingala on the left bank of the Godavari. 
They have rather a high dip, and reappear on the opposite river bank in 
the Nizamis territories. Some coal occurs, but the thickest seam found 
measures only 2 feet. 

Tliroughoiit the large tract south-west of the Godavari between 
(yhinur and Dumagudern, no Barakars have been found away from the 
river's bank, although they very probably are represent(?d by some coarse 
sandstones at Sallawai resting upon the Talchirs already mentioned, 
and an outcrop must exist at Alapali on the Kiiierswami (Kinarsani) 
stream, 60 miles west of Dumagudern, as numerous fragments of coal 
are found in the bed of the stream. 

The Kamthi beds occupy a great portion of the area, and appear 
to stretch uninterruptedly from end to end. They must be very thick * ; 
the greater portion of them consist, liowever, of brown ferruginous sand- 
stones without any especial characteristic, and it is, as a rule, only towards 
the base that beds of peculiar cliaraeter occur. In this position the 
porous, coarse-grained, friable sandstones, so characteristic of the lowest 
portion of the group in the Wardha field, usually occur, and it is, as a 
rule, easy to define the lower limit c)f the Kamthis and to separate them 
from the underlying groups ; but their upper margin is far less easily 
determined with accuracy. The compact red and buff shales, and the 
typical grits breaking with a conehoidal fracture are less common 
south of the Wardha than to the northward. South of the Godavari, 

1 See Rec. G. S. I., IV, pp. 49. 108. 

> Tlie estinmte of 17.000 feet, mentioned in the Hoc. G. S. p. 28, has since been 
found to be excessive, and due, iip^mreutly, to repetition by faulting. 
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iu the neig-hbourhood of the Maiiair (Maner) river, and south of MadApiir 
near Sironeha, there is a great series of sandstones, mostly fine-grained, 
soft, yellow, salmon-red and reddish-brown in colour, and amongst them 
is a fine-grained salmon -red sandstone with fragments of purple Vindhyan 
shale. These beds appear to underlie the massive Kdmthi sandstone, 
and are by Mr. King called tlie Tarcherla sandstones, from the name 
of a village on the Manair river. It is, however, by no means clear 
that the Tarcherla sandstones are really inferior in position to the 
Kamthis. 

The upper Gondwanas occupy all the north-eastern side of the 
field from the Wardha to below the second barrier on the Godavari, a 
distance of nearly 100 miles, and between the Wardha and the Godavari 
near Chiiihr these beds oe(*ui)y a much larger tract than the lower 
Gondwanas, the upper Gondwana outcrop near Maleri, north-west of 
Sironcha, being 25 miles across. Owing to the difficulty already noticed, 
of distinguishing between the uj>j)er Gondwana beds and the Kamthis, 
the limit of the two series is still somewhat doubtful, and this is even 
more the case south of the junction between the Pranhita and Godavari 
than to the northward. It remains to be seen how far the upper 
Gondwanas can be traced to the south-east ; they have hitherto not 
been re(tognised in the neighl)ourhood of Dumagudem. 

In the extreme north-west of the present area, near Jangaon, the 
upper Gondwana beds completely overlap tlie lower so as t>o rest 
on the underlying Vindhyan rocks, and to occupy the whole breadth of 
the basin for a short distance. There is nevertheless, as usual, a very 
close accordance in dip and strike between the upper and lower Gond- 
wdna beds, both having in general the same north-east dip, and no 
marked break can be detected between them. 

These beds ha ve not yet been sufllcicntly thoroughly surveyed to enable 
their relations to be perfectly understood, but a sub-division into two 
groups has been indicated by Messrs. King and Hughes, and the former 
appears disposed to separate a third lower division. The evidence, 
however, is at present insufficient to prove the distinction, although it is 
by no means improbable that further sub-division will be necessary. 

The Kota-Malcri beds, which have been already described in the 
general account of the Gondwana system, form the most conspicuous and 
im])ortant group of the series. They occupy the Jangaon valley west- 
south-west of Sirpiir and a large area on the Wardha, near Sirpur, and 
they extend across the country around Maleri (a very small village 
near the road fromPChanda to Sironcha) to the Pranhita, where they 
are seen at Kota and elsewhere for several miles north of Sironcha, 
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Hence they extend to the Godavari near Aserali, a few miles above the 
junction of the Indrdvati, and thence along^ the south-west flank of 
the quartzite hills on the right bank of the Godavari between the 
mouth of the Indrdvati and Yenchapali (Tnchapilly), whilst beds of 
similar mineral character are exposed in the Godavari about 20 miles 
further down, below the second barrier which terminates at Yenchapali 
itself. 

The Malcri red clays occui)y a large tract in the north-western portion 
of the Kota-Maleri area, around Jangaon, Bibra, and Maleri. The Kota 
limestone is rather higher in the series, and has been traced at intervals 
for miles to the north-west, as far as the ncighlioiirhood of Itial and 
Bibra, where these beds crop f)ut in a low range of hills, and for about 
20 miles lo the south-east, the strike being from north-west to south- 
east, and the dij), like that of the associated beds, to the north-east. In 
the upper port ion of the group, above the linu^slones of Kota, clays are 
less dcveIo])ed, and the rocks consist chiefly of sandstone. Besides the 
main tract of Kota-Maleri beds, there is a detacluKl area on the Godavari 
west of Chinitr and Sandrapali, apparently brought down by the north- 
west south-east fault to which the outcrop of Yindhyan (luartzites, 
Talchirs and Damudas, on the eastern side of the upper Gondwana out- 
cro]), must be attributed. 

The suggested separation of the beds at the base of the Kota- 
Maleri group, on account of some differences in mineral character, and the 
presence of the two jdants belonging to the Bajmahal flora has already 
been noticed in the sixth chapter of this work. It was shewn that, 
although the separation of the Sironcha sandstones may b(? jiossible, the 
evidence at present available is quite insufticient to justify the distinction. 
The separate classification of the up])ermost portion of the Gondwana 
system near Sironcha, under the name of ( ■hikiala group, apjicars founded 
on better evidence, although no fos.siIs have hitherto been discovered in 
the higher beds. Tlie Chikiala beds have liecii traced for several miles, 
along the north-eastern boundary of the Gondwana area, in the nciglibour- 
hood of Chikiala, north of Sironcha., their extension to the north-west 
in the direction of the Wardlia being jirobable. 1\) the south-east they 
have not been traced. Throughout their range th(»y are highly ferru- 
ginous, and they furnish the ore used by the iron smelters of the 
country. 

On the southern edge of the Jangaon valley, near the village of 
Balanpur, and close to the spot where the westernmost extension of the 
Gondwana beds is covered up by the trap, some soft yellow sandstone 
occurs, containing carbonaceous markings, and overlying about 5 feet of 
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shale with thin irregular strings of jet coal, precisely like the Jabalpur 
coal of the Satpura region in character. These beds overlie the Kota- 
Maleris. Some other beds in the same neighlx>urhood resemble in character 
the ferruginous Chikiala sandstone. It is probable that the Balanpur beds 
belong to a higher group than the Kota-Maleris, and the marked resem- 
blance in the character of the coal tends to suggest that the former may 
belong to the Jabalpur group, whilst on the other hand there is a possible 
connection wnth the Chikiala beds, and consequently the Chikiala and 
Jabalpur groups may be identical, but the evidence is insufficient to do 
more than suggest the possibility of this. 

Wardlm-IYanhita-Godavari basin— e. South- eastern extension , — 
The south-eastern portion of the Godavari basin forms a well-defined 
area, only joined to the remaining tract by the narrow neck already 
mentioned, south-west of Bhadrachclam. The present area comprises 
the most southerly exposure of lower Gondwana rocks (Damuda and 
Talchir) known to occur in India, and their importance, as offering 
some hope of the discovery of coal within the Madras Presidency, has 
led to their receiving more attention than similar beds in the region to 
the norlh-west.^ 

The tract in question is irregularly shaped. It consists princijially 
of a belt of country running from north-west to south-east for above 
50 miles, and in general about 25 miles broad, but expanding towards the 
south-east into a much broader area, which extends from the Godavari 
above llajamahendri for a distance of 60 miles to the south-west, ending 
wdthin 20 miles of the Krishna (Kistna) river at BezAvMa. This south- 
eastern portion, however, consisting of upper Gondwana beds alone, belongs 
to a different section, the outcroj^s of the eastern coast, and it will conse- 
quently be described separately. On the northern portion of the basin, 
too, there is an exjiansion to the eastward, forming the coal-field of 
Madavaram below Bhadraehelam. 

The boundaries appear to be for the most part natural. So far as is 
known, there is no abrujit junction wdth the older rocks extending for any 
great distance. Throughout the greater part of the boundary the 
Gondwana beds rest U])on metamoi 7 )hics \ to the south-east, near Ellore, 
they disappear beneath Deccan trap, tci-tiary sandstones, and the allu- 
vium of the Godavari and Krishna (Kistna) deltas. 

The formations met with in the north-western portion of the area are 
Talchirs, Barakars, and K amthis. The Tahrhirs arc only seen on the margin 
of the tract in three localities, in all of which they underlie Barakar beds. 

* For lullor dcHcription, Hoe Rec. G. S. I., IV, pp. 49,59,82, 107; V, pp. 23, 112; 
VI, j). 57 ; X, pp. 55, &c.. Some details aro also takoii from MS. reports by Mr. King, who 
ip thf’ author of s(»v<*ral of tho printed quoted. 
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The first of these is on the border of the Madavaram coal field, east of 
Bhadrachelam. Here Talchirs are seen to occur at or outside the north- 
ern boundary in three patches, none of which are of any extent, and the 
largest exposure, which is about 1 i miles long, is nearly, if not entirely, 
surrounded by metamorphics, and outside the general sandstone boundary. 
The same rocks are also seen south of the Godavari, at the south-east 
corner of the Madavaram coal-field. The only other spot where the 
Talchirs appear within the boundary is about 25 miles south-west by a little 
south of Bhadrachelam, on the south-west boundary of the Gondwana 
area, near a hill called Kanigheri. But several Talchir outliers are met 
with about Dumagddem and Bhadrachelam outside the edge of the 
Gondwana area ; three at least appear in the bed of the Godavari, below 
Dumagudem ; two are veiy small and almost eonfiueil to the bed of the 
river ; but the third, which occurs about 6 miles l)elow Dumagiidem, 
extends for 5 or 6 miles to the eastward from the river. Another is 
met with on the Kinarswami stn^am, 5 miles west-south-west of Bhadra- 
chelam, but it is only about 2i miles across. '^Fhe irregularity of the 
distribution of these patches of Tjilchirs, and the absence of the 
formation, as a rule, at the base of the Barak ars, app(‘ar to shew that 
the latter are more uncioiiformable to the former than they usually 
ura elsewhere. 

The Barakars arc found in three localities. The first of those is the 
Madavaram *‘»-al-field on the Godavari, below Blnulrachelam. This is 
a tract of somewhat irregular form, 7 miles across from east to west, 
and 5 miles, where broadest, from norili to south ; it is traversed 
throughout by the Godavari from west to east, and the area is about 
24 square miles. The ro(;ks are very poorly seen, the ground being 
much covered by alluvial deposits, but from the few dips observed, it 
appears probable that some of the boundaries are faulted. The j)ortioii 
of this tract north of the river has been explored by boring, and some 
coal was found, but the quality was inferior, and the seams thin and 
much mixed with shale, whilst the beds were fouiid to vai*y much in 
thickness and composition within a short distance. Tlie tract south 
of the river has not been thoroughly examined. The sandstones and 
shales ])reservo the usual character. 

The second tract of Barakars is the Beddadanol field, which lies about 
35 miles south-east of Bhadrachelam, and the same distance north 
by cast of Ellore. The large village of Ashraopettah is 5 miles to 
the westward. This small field is 5 miles from north to south by 
about 2 broad, the Barakars being comj)lctely overlapped both to the 
north and to the south by the Kamthis; the former rest on meta- 
morphics to the eastward, no Talchirs occurring, and to disappear 
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beneath Kamthis to the west. The Barakar area is about 5J square 
miles. The only rocks seen at the surface are coarse felspathic sandstones, 
grey, white, or bu£f in colour, with ferruginous concretions. At least 
()0() feet of Barakar rocks would appear to occur, the dip being usually 
low, from to 10''; some coal has been discovered by boring, but the 
quality is inferior. 

The third tract lies at the spot near Kanigheri already mentioned, 
25 miles south-west by south of Bhadrachelam and 15 miles south of 
raluiicha ; it is 0 miles long from north-west to south east and 2 miles 
across. The Barakars rest partly on Talchirs, i)artly on inetamor])hics 
to the westward ; they look as if cut ofP by a fault to the north-west, 
whilst to the east they are covered up by Kamthis. 

The greater portion of the area under description consists of Kamthi 
beds. Kurther examination may shew that some strata now assigned to 
the Kamthis must be referred to a higher formation, but there can be 
but little doubt of the relations of those rocks which occu|)y the surface 
throughout the greater portion of the tract. They are chiefly coarse 
felspathic sandstones and grits, generally loose textured, and of various 
shades of brown, often conglomeratic and frequently traversed by 
ferruginous bands. Butat])laces white, lilac, and red argillaceous shales 
occur, and in some instances, chiefly along the south-west boundary, the 
typical yellow compact siuile weathering red is seen. In the interior of 
the tract the Kamthis form large masses of hills, nearly flat-topped, the 
beds rolling about with very low dij)s. It appears probable that there 
is great unconformity bei ween the Kamthis and Barakars, and the 
extremely local distribution of the latter may be due to their having 
been larg(ily denuded btdore the deposition of the Kamthi beds. At the 
same time there is a possibility that the Barakars were originally de- 
posited in isolated ]^at(dies. 

The liajinahal beds extend along the south-eastern margin of the 
Gondwana area, as already mentioned. They will be described separately 
in the next section. 

7, Kamaram coal-field. — These are two small outliers, a few miles 
outside the south-western boundary of the Pi anhita-Godavari sandstone 
area, and situated nearly 40 miles east l>y a little north fi*om Warangal 
in the Hyderabad territory, and about 12 miles cast-north -east of 
Pakhal tank. The name of the coal-fields is derived from a small village 
lying at the southern extremity of the smaller field and fi miles to the 
south-st>utli-east of the larger one.* 

^ For adscript ion by Mr, King, seo lioc. G. S. I., V, p. 50. Tho village is (Milled Kama* 
warinn on the nni]), and this is jirobabl.v the correct mime, corrnptcd into Kama am bv 
the lower classes of natives. 
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The whole length of the principal field is about 6 miles and its 
breadth about a mile ; it consists of Tdlchir, Barakar, and Kamthi rocks, 
all dipping at a considerable angle to the south-west, and cut off, nearly 
in a straight line, by one of the usual abrupt boundaries running from 
north-west to south-east and parallel to the boundaries of the main Goda- 
vari area to the north-east. The Talchirs extend round the north-eastern 
edge of the field ; along the south-western, for part of the distance 
at least, the Barakars and K am this abut against the old Kadapah rocks, by 
which the field is surrounded. The Talchirs are the usual fine olive 
shales, with boulders in jdaces. The Barakars extend for nearly a mile 
and a half ; their breadth, however, is but slight, as only about 300 
feet of them appear to occur. They rest upon the denuded edges of 
the Talchirs in places, the unconformity between the two groups being 
clearly shewn. They consist of grey argillaceous sandstone, with beds of 
coal, two of the coal-seams l>eing of fair quality, and measuring, the one 
9 feet, the other 6 feet, in thickness. The small area of the field and 
the high dip, as well as the distance from road or water carriage, are 
serious drawbacks. The Karnthis arc ])ooriy developed, being about 
],0()() feet thick, but occupy only a very small area. They reappear in 
the smaller outlier at the village of Kamaram. This small basin is 
onl.v a mile and a half long by half a mile broad, and is of no 
imj)ortanee. 

8. Singareni coal-field, — This is a small outlier/ about 30 miles 
south-wx-st of the main field in the Godavari valley, and ‘25 miles nortli 
by a little east of Khamamet (Kamamet or Kummummett). The j)re- 
sent field derives its name from the large village of Singareni, lying 
about 4 miles west of the soutlieni i)ortion. It is situated in the Kandi- 
konda taluk of the Khamamet Sirem* belonging to Hyderabad, and is 
within tin? drainage area of the Krishna (Kistna) river. 

The Singareni coal-field is irregular in form, extending foj- about 12 
miles from north-north-west to south -south -east, and from one to ti 
little over 2 miles broad. The area is about 19 scpiare miles. The 
groups cx])osed are Talchirs, Barakars, and Karnthis. 

The Talchirs occupy the northern portion of the field only, and 
consist of the usual fine olive shales, boulders not being common, 
though some are found. The Barakars are distinctly uneonformable to 
the Tachirs, and the irr(?gular distribution of the Karnthis and Barakars » 
appears probably also due to unconformity, the former overlapping the 
latter, and resting sometimes on the Talchirs, and elsewhere on the old 
Kadapah rocks or on gneiss. 

* For dfscriiitioii by Mr. W. King, wo lice. (1. S. I., V, p. 66. 
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The Barakars are found in several detached areas^ separated from 
each other by intervening masses of Kdmthis. There are two principal 
areas, one about the middle of the field, and another along its western 
edge near the southeni extremity. In the former a seam of coal was 
found at the surface, and additional seams, one of them said to be 
21 feet thick, have been detected by boring. 

VII. — East Coast iiegion. — The representatives of the Gondwana 
series, which are scattered along the easteni coast of the Peninsula, 
differ from all those in the interior of the country, in being either 
chiefly or entirely composed of the Rajmahal group, which, to judge 
from the remaining outcrops, may once have extended from Rdjmahal 
io Trichinopoly, if not farther south. A portion of the outcrops appear 
of rather later date than the others, but the difference is not great. 
Singularly enough, the characteristic flora of the Ilajmahril group has 
not hitherto been found elsewhere, although a few Rajmahal species are 
found in the Urnia beds of Cutch, the Jabalpur group of Central India, 
and the Kota-Maleri beds near Siroueha, — all of which are believed to be 
of later date. 

Another peculiarity by which the Gondwana outcrops of the east 
coast are distinguished from all others in India, except the beds of Cutch, 
is their association with rocks containing marine Jurassic fossils. The 
present section consequently serves as a natural introduction to the 
account of the Cutch Jurassic formations, which will occupy the next 
chapter. 

The localities at which the Gondwana formations are known to occur 
along the eastern edge of the Peninsula are the following, beginning at 
the north : — 

1. Rajmahal hills (already described). 

2. Athgar basin. 

3. Outcrops east of Kajamabendri. 

4. Ellore area (part of Godavari-Gondwana basin). 

6. Ongole outcrops. 

6. Sripermatur outcrops. 

7. Trichinopoly outcrops. 

The Rajmahal hills have already been described; the other tracts 
require but brief notice. It is possible that further examination of 
the country south of Trichinopoly may shew the existence of other repre- 
sentatives of the Rajmahal group, and others, again, may occur between 
R&Jamahendri and Cuttack. 

The association of marine fossils with the Rajinabdl group along 
the east coast appears to indicate that these beds were not deposited, like 



2, Athgar (Atgurh or Atgarh) basin. — This is a tract of saud- 
stonc, close to the town of Cuttack, on the western edge of the alluvial 
plain, which extends to. the sca-coast.‘ The rocks arc very flat and 
greatly concealed hy latei*ite, which covers them conipletcly to the 
eastward, whilst a eonsiderahle portion of the area is covered with 
singularly thick, almost iinpcnetrahlc, bamboo jungle. The name is 
derived from a zamindari, or estate, in which the portion of the tract 
first examined is situated. 

The area occupied by the sandstones slightly approaches a rec- 
tangle in form (the boundaries being, however, very irregular) ; it 
is about miles long from north to south, and about 18, where 
broadest, from east to west. Its boundaiy to the westward is foimed 
partly by mctamorphic rocks, on which the sandstones api)ear to ri'st, 
but chiefly by a plain of ^ : east and south the sandstones 

disappear beneath***^:^^ ttle farther dips also beneath the 

alluvial plain, ' 

The roc*^ "V conglomerates containing 

pebbles of qti X and in one case black 

carbonaceons ^ ound at Naraj, on the 

M&hdiiadi, west of ^ .ic the presence of Bar^kar 
beds, but no BaaaiidafQpsils have beeiT found associated with it. The 
relations of the remaining portion of the rocks were obscure until recently, 
and it w^as thought that they probably represented the K^mthi (or sup- 
posed Mahadeva) beds of the Talchir coal-field. 

Quite lately, however, the following charaetcristic Kajmahal plants 
have been found in the Athgar tract ® : Alet/iopferis indica, A^plenites 
macrocarjauSy Glmcfieniies (jindrabunends, 2iniSL ralissya indica ; and there 
can no longer he any doubt but that the Athgar area is one of the 

' Mem. G. S. I., I, pp. 68, 261; Rec. Q. S. 1., V, p. 59; X, p. 63, The Inst-qnoted 
account by Mr. Ball contains a much more complete description of the beds than the 
earlier notices. 

^ By Mr. Ball. The identifications are hy Dr. Foistmantel. 
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detached patches of upper Gondwina sandstone extending along the 
eastern coast of the Peninsula. 

The sandstones, &c., have a very low dip from' west to east, or i-ather 
to the south-east, and the beds to the westward appear to be the lowest. 
These are chiefly composed of coarse conglomerate, which fomis low 
scarps facing the westward. The actual base is nowhere seen. The 
carbonaciious shale of Naraj appears to owe its appearance at the surface 
to the elevation caused by a basaltic dyke, which traverses the beds, and is 
the only known case of their being affected by volcanic action. The age? 
of this basalt dyke is unknown ; it is far distant from any known 
outburst of either Ilajmahal or Deccan age, and as no trap dykes occur 
in the Talchir country, it is not probable that Orissa is within the area 
affected by the latter scries of volcanic eruptions. 

3. Outcrops east of Kajamahendri.— The east coast from Ganjam 
to Vizagapaiara has not been surveyed, but south-east of Vizagai)atam, 
and iH^tween that fown and Rajamahendri, several outcrops of Goiidwana 
beds have been foimd.^ These exposures arc six in number, and all are 
very small, none exceeding 5 miles in length : all arc on the edge of the 
alluvium. 

The most eastwardly exi)osure is close to tlu* coast, about 40 miles 
north-east of Coconada, where a narrow strip of coarse brown sandstone, 
about 2 miles long, is seen resting upon the edge of the gneiss hills 
of Sudi Konda. The next is a similar, but. rather larger, outcrop, 8 
miles to the south-west, near the village of Eedatum, where the bottom 
beds arc hard, coarse, gritty sandstone, brown in colour, and often con- 
taining small pebbles. Half a mile to the south-west, near the village 
of Jilladypad, is a small ridge, miles long, surrounded by alluvium, 
and composed of brown sandy clay and sandstone. Four miles west by 
south of this again, at Innaparaz-polliam (or Iimaparaz-Cotapilly) , there is 
another low ridge, a couj)lc of miles in length, similarly rising from the 
alluvium, with gneiss ridges to the north. Tliis southem ridge consists 
of purple and brown sandstones, and conglomerates containing casts of 
marine fossils, amongst which Trigonia ventricosa ^ and Tngonia smeei, 
two of the most characteristic forms of the Umia l)eds of Cutch, have 
been recognised. Twelve miles east of this, again, similar beds crop out 
on the edge of the alluvium near Kirlumpudi, and occupy a rather larger 
area, extending nearly 3 miles from north to south by 2 miles broad, 

' The detiiils of these are from manuscript reports by Mr. King. The beds are briefly 
xiuticiHl : Kec. G, S. I., VII, p. 169. 

" A woodcut of this species will be given in the next chapter. T. smeei is figured 
ri. Xll, fig. 11. 
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and 8 miles further east at Jagampet there is a sixth outcrop, more than 
miles in length. 

Tlic only one of these outliers which has yielded fossils is that of 
Innaparaz. From the isolation of these patches, their relations to the 
Rajmahal beds near Ellore are difficult to trace, but they appear to 
represent, the highest sub-division or Tripetty sandstones. 

4. Ellore — On the left bank of the Godavari, neai- Thalapiidi, 
al)out 10 miles above Rijamahendri and 35 mile.s west of the 
Jagampet outlier just mentioned, a well-marked belt of upper Gondwilna 
beds commences, whicli extend from the Godavari to l)eyond Golapilli, 
west of Ellore, a distance of 60 miles. The width f)f this belt varies 
from 10 to 15 miles. There is a general dip to south-east or east-south- 
east at 5° to 10°, and the beds rest unconformably, throughout a eon- 
.siderable portion of their area, upon various members of th(‘ Kamthi 
group, but they overlap this grouj) both to the oast and west, and rest 
upon a sloping floor of gneiss, which has the appearance of a jdane of 
marine dtuindation, formed after the deposition of the KjJmthi rocks, as 
the latter rest ujK>n a much more uneven surface? of the metamorphic 
formations. This appearance of resting upon a surfae(‘ which had l)ccn 
fashioned by denudation after the deposition of the lower Gondwana 
beds, cpiite agrees with the peculiar distribution of the Rajmahal group 
and its associates, which evidently were aceumulate<l in a di6tiTu*t area 
from that in which the Gondwana beds of the Godavari valley were 
deposited. To the south-east the xipper Gondwana Ixeds of the Ellore 
area disappear beneath the tertiary Cuddalore sandstones and the alluvial 
de[>osits of the Godavari delta, except west of Rajamahendri, where 
the Gondwanas arc covered hy outliers of the Deccan ti'aps. 

The rocks of the Ellore area^ arc peculiarly interesting, because they 
appear to contain representatives of groups higher than the Rjijmahals, 
associated with beds in wdiich the typical Rajmahal flora is well preserved. 
Mr. King, who has surveyed the rocks of the Godavari district, classes 
the upper Gondwana beds in three snh-divisions, thus distinguished in 
descending order, as alre.ady nolic(?d in the sixth chapter 

1. Tripotty saTidstonos. 

2. Usij^avapurani HbiiloK. 

3. CiOlujulli SftMilslOtU'B. 

The Golapilli sandstones consist of brown and red sandstones and 
conglomerates, which, near Golapilli, form a hard plateau capped by 
conglomerates and gravels, probably belonging to the tertiary Cuddalore 


For a description of these beds by Mr. King, see Rec. G, S. f., X, p. 5G. 
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siindstones. In this plateau, near the village of Ravacherla, Mr. King 
found numerous plant fossds, including Ttilophylhim. acviifolmm, species 
of PtcrophylluMy C^cadiies, BictyozamiteSy Palmyay Alethojdcrisy Asplenites, 
GleichenUeSy &c., nearly all of which are found also in the Rajmahdl 
group. These fossils occur in a fine yellowish -brown sandstone. 

The Gola])illi beds extend throughout the area from east of Gola- 
pilli to the neighbourhood of the Godavari. 

Above the Golapilli beds, about the middle of the area, occur the 
Ragavapuram shales, with AmmoniieSy Leday plants, &c!, already noticed 
in the sixth chapter. These shales are traced for about 1 8 miles, inter- 
vening between the Golapilli sandsiones and the Tripetty beds. The 
uppermost group, considered by Mr. King to represent the sandstones of 
the Innaparaz outlier with Trigonia ventricosa and T. smeeiy extends 
across the whole tract from Golapilli to the Goddvari. 

5. Ongole. — The outcrops which have been found near Ongole are 
very numerous,^ but owing to the manner in which the surface of the 
country near the coast is covered with laterite, latcritic gravel, and black 
soil, the rocks are ill exposed, and in many j^laces can only be detected in 
well sections or excavations for tanks. The most northern exposure 
hitherto found in the country south of the Krishna river is close to the 
town of Guntoor; thence to Ongole there is a series of small tracts 
(five in all) along the edge of the coast alluvium. In these tracts shales 
and sandstone, very similar to those of Sripermatur, arc exposed. At the 
town of Guntoor, in well sections, grits and conglomerates are seen, re- 
sembling ill lithological charactei’s some of the Sriperraatiir beds. About 
6 miles to the south-east of the town, a long low ridge rises from the 
alluvium and extends about 14 miles from north-east to south-west, 
though only about 2 miles broad. This ridge consists of compact brown, 
reddish and purplish gritty sandstones, probably representing the Tripetty 
sandstones, and resting upon soft white shales, with ferruginous partings, 
doubtless identical with the beds of Sripermatur and Ragavapuram. 

The two most important outcrops south-west of Guntoor are those at 
Inkolu (Yinkolu), 2G miles north by east of Ongole, and at Vamevaram 
(Warnayavaram), 14 miles north by east of Ongole. In each case, the 
beds have been traced over 12 to 15 square miles of country. In the 
Inkolu outcrop, at the village of Budhavada (Boodhawadah) , 3i miles 
west by north of Inkolu, limestones and calcareous sandstones were found 
containing large numbers of oysters, besides AmmoniieSy Patellay Pecteuy 
Leday Tcrehraiulay Rhpiconellay and numerous other genera of mollusca. 

^ Thoj havo boeii described by their discoverers, Messrs. C. M. Oldham and Foote, in 
manuscript reports only. See also atUe^ p. 141 ; and Rec. G. S. I., II, p. 37. 
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The marine beds apparently are at a lower horizon than the sandy shales 
seen east of the village from which Ptilophyllum, Bicf^ozamites, and 
other plants were obtained. The plant beds contain a flora, apparently 
corresponding with that of the llagavapuram shales, and comprising 
some species belonging to a liigher horizon than the beds of Bajmah&l 
itself and of Golapilli. The fossiliferous marine beds underlying the 
shales are the upper bands of a group of gritty sandstones, corresponding 
in position to the Golapilli beds, whilst above the supposed representa- 
tives of the Ragavapuram shales there is a hard sandstone, which forms 
a small plateau north-east of Budhavada, and which may very possibly 
represent the Tripetty group. 

Near Vamevaram a much greater thickness of beds is exposed, con- 
sisting of shales, white, bufE, and purplish in colour, with flaggy beds and 
thin bands of sandstone. In some of the higher bands an ammonite 
(perhaps identical with that met with at Ragavapuram in ihe Ellore 
area), a Leda (the Ragavapuram species), and impressions of other shells 
have been found. 

Another outlier is found at Yendloor, 6 miles west by north of 
Ongole, and in some clays and sandy shales a few plant remains were 
discovered, one of which was a Plilophyllum, Some indurated sandstone 
occurs at this spot, the relation of which to the shales is obscure. 

South of Ongole several other small outcrops have been detected, 
the principal being west of the town of Kandakur (Cundaeoor), 20 miles 
south -south -west of Ongole, and some highly fossiliferous shales are 
exposed in well sections at Kandakur itself. It is evident that the 
representatives of the upper RajmaJial beds liere occupy a considerable 
area beneath the surface covering of laterite. These beds contain many 
of the usual Rajmahal i)lants. The most southern exposure of the rocks 
in this neighbourhood is about 1 5 miles south of Kandakur, and west of 
Ramapatnam. 

6. Sripermatur outcrops.— These are a series of outcrops and 
outliers, the former along the edge of the metamorphic rocks and inter- 
vening between them and the laterite or alluvium of the coast, the latter 
scattered over the surface of the gneissic rocks. All consist of the 
Rajmahal group, and apparently of an upper sub-division of the formation, 
as near Ongole ; they commence nor Lli- west of Madras and extend to the 
south-east, considerably beyond l;he Palar river.^ None are known to 
exist more than about 50 miles from the coast. 

By far the largest expanse of upper Gondwfira beds in this 
neighbourhood lies west and north-west of Madras, in the neighbourhood 

J For a complete description by Mr, Foote, see Mem. G, S. I., X, pp. 68-124. 
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of Satiavedn, Alikur, aiul Pyanur. Tlie southern extremity of this 
iraet is traversed hy the Madras railway at a distance of 37 or 38 miles 
from Madras, a little east of Arconum junction, and the outcrop extends 
about 35 miles from north to south, being only interrupted for short 
distances by the alluvium of the Narnaveram and Naggery rivers, which 
divide it into three subequal divisions near Sattavedu, Alikiir, and 
Pyanur respectively. The widtli of each of these areas is from 5 to 6 
miles ; in all of them the sandstones of the Gondwana series rest on the 
im?tamorphics (the underlying formation in one instance only consist- 
ing of Kadapa rocks) to the westward, and disa])pcar to the east 
beneath latcrite and alluvium; large outliers of the lateritc being 
scattered over the sandstones of Uie Gondwana formations. 

The nortliern j)ortion of this tract, considering it as a whole, 
consists of the Sattavedu group, consisting chiefly of coarse compact 
conglomerate. This forms the whole of the Sattavedu area north of the 
Narnaveram river, and the greater portion of the central or Alikur area. 
The southern portion of the latter, and the whole of the tract near 
Pyandr, south of the Naggery river, consists of shales, sandstones, 
uiicompacted conglomerate, and boulder beds belonging to the lower 
or Sripermatur group. The boulder bed is always found at the base. 

The next outcrop is that of Sripermatur. It lies south-east of the 
last, being separated from the Pyanur area 1)y the alluvium of the 
Corleliar river and an expanse of latcrite. The village of Srij)ermatur 
at the northern extremity li(js 25 miles wcst-soiith-west of Matlras. 
Prom tlie neighbourhood of the village the Rajmahfil beds are seen for 
about 15 miles to the southward, and their ex j^)Suro extends about 9 miles 
from east to west at the iiortherii end, but the breadth diminishes to 
the southward. The Rajmahal area is suiTounded by latcrite, but 
metaniorphic rocks appear here and there through the superficial cover- 
ing, whilst iiiliers of the Rajrnahal beds are also found, shewing that 
thi^y exist in places hcncath the latcrite. The l>asc of the sandstones is 
iiowheic seen. 

The whole of this Sripermatur tract is conqiosed of the Sripermatur 
group, and to the northward shales jwevail, resting u]K)n gritty sandstone, 
but ill the southern portion of the area coarser beds are found. Remains 
of ]>lants of Rajmahal spi-cies, together with a few higher forms, are com- 
mon, and near Sripei’inatur they are s^sociated with marine shells, as 
already mentioned in the preliminary description of the group. 

The outliers of tliese rocks to the south and south-west are numerous, 
hut of small size. One group of nearly 30 small outliers, none of them 
exceeding 2 miles in length, whilst the majority arc far smaller, is 
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scattered over the country south-west of Conjeveram. Another group 
of rather larger patches extends nearly in a line north and south, to the 
west of the main road from Madras to Triehinopoly, one outcrop, the 
southernmost and largest, which is about 4 miles long, being traversed 
by the road. All consist of Sripermatiir beds. 

7. Trichinopoly or Utatur. — The outcrops of the Rajmahal group 
near Trichinopoly ‘ occur in several isolatcNl spots along the western edge 
of the ercta(.*eous tract north of that town. They all rest uj)on meta- 
morphic rocks to the westward, and dip to the east beneath the marine 
cretaceous l)eds, which rest upon them sometimes conformably, but 
generally with considerable unconformity, the plant beds having been 
extensively denuded before the deposition of the cretaceous rocks. 

The series of Rajmahal outcrops comprises live distinct exposures, the 
most northern lying east of Peraml)alur, whilst the southernmost is close 
to the village t)f Utatur. The whole distance from north to south over 
which they are distributed is about 14 mil(‘s. The three southern out- 
crops arc close together, and form a nearly continuous fringe to the 
cretaceous beds for between 6 and 7 miles. 

The Rajmahal beds near Trichinopoly consist chiefly of soft sandy 
clays and micaceous shales, grey and brown in colour, with, at the base, 
coarse ferruginous sand, containing ]:)ebbles and large blocks of gneiss 
derived from the immediate neighbourhood. This bod is occasionally 
absent. The gneiss upon which these rocks rest is always greatly 
decomj)Osed. Plant remains, principal!}" Tiilophyllym acnilfolnim, occur 
here and there, but the imj)ressions arc rarely well preserved. The flora, 
like that of Sripermatiir and Ongole, ap])ears to indicate a. rather higher 
horizon than that of the typical Rajmahal beds. 


^ For accouni by Mr. IT. F. Ulinifonl, see Mem, (I. S, I., IV, pp. 30—10. 
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CHAPTER XI. 

PENINSULAR AREA. 

MAIUNE JURASSIC ROCKS. 

nistril)ution of marine jurassic rocks in India — Area occupied by jurassic beds in Cntcb 
— Relations of Cutcb junissics to higher formations — Physical geology — Sub-divi- 
sions — Thickness — Pachham group (Bath) — Churi group (Kelloway and Oxford) — 
Katrol group (Upper Oxford and Kimincridge) — Umia group (I'itbonian and Port- 
land) — Table shewing distribution of Cephal.ojK)da — Jurassic beds in the great desert 
north of Cutch — Balmir sandstones — Jesalmir limestones — Ammonite bed of 
Kucbri. 

Distribution of marine jurassic rocks in India,^ — In the 
hist chaj)ter the occurrence of marine formations belonging to the 
jurassic series^ but associated with some of the higher Goiidw^ina groups 
on tlic east coast of India, has already been noticed. It has been shewn 
that near Kllorc and Ongole, and at Sripermatur, near Madras, Ammonites 
and other Mollmca^ with jurassic allinities, have been found in consider- 
able numbers, but that, owing chiefly to the manner in which they are 
preserved, verj^ few of the species have hitherto been determined, and 


' The following jurassic fossils arc figured on Plate XTT 


Fig. 1. Jif'hnniifvs ^qerardL 

„ 2. B. ^rantianus v. kimfkotensis, B. prnniianus v. Kuntkotentia, 

„ 3. Ammonitfia (PhiflJooeras) disputahilis. 

„ 4. A- (Axpidoceras) perarmafus. 

„ 6. A {Slephanooeras) marroeephnlua, 

„ 6. A, (Perisphinctea) pottinperi. 

„ 7. Ooniomtfa v-xeripla. 

„ 8. Pholadomya granosa, 

„ 9. P. anguiafa, 

„ 10. Trigonia rlavellata, 

„ 11. T. smeei. 

12 costaia, 

„ 13, Asfarte major. 

„ 14. Area (Macrodon) egertoniana. 

ff 15. Aueella leguminoaa. 


The last two are Himalayan fossils. Ooniomya v-acripta Kii\ TVigonia elavellata Iihyb 
not been found in India, but they are characteristically jurassic forms, and allied specieo 



Peninsular. ] 


CUTCH JURASSICS. 


251 


•consequently the position of the beds in the jurassic series is, with one 
excej)tioii, still somewhat doubtful ; the exception is near Ellore, where 
two different groups of marine beds have been distinguished, the higher 
of which corresponds to the Umia group of Cutch. 

No other occurrence of jurassic rocks has hitherto been detected in 
the Peninsula of India itself, but to the north-west in Cutch, in what 
may be considered an intermediate belt of land between the Indian Pen- 
insula and the remainder of Asia, in a country with the sea on one side 
and surrounded by alluvial deposits, connected indirectly with those of 
the great Indo-Gangetic jdain, on all others, there is a very important 
series of jurassic formations, in which several European groups are 
iidmirably represented. Besides the area occupied in Cutch itself, the 
jurassic Ixjds are found in j)laces throughout a consideral)le area in the 
great desert to the northward, the best known outcrop being close to the 
town of Jesalmir. 

Area occupied by jurassic rocks in Cutch. — The jurassic 
area of Cutch ^ may be considered as occupying a number of post-terti- 
ary islands, now connected by alluvial flats. Of these islands the largest 
is that forming the western and central portion of Cutch, and is 
about 120 miles long from east to west and about 40 broad. To the 
north-east of it is the district of Wagad (Wagur or Wagir), another 
ancient island, nearly 50 miles from east to west, and, excluding alluvium 
and Ran,^^ 25 miles broad. Farther north, again, are four isolated 
masses of hills, chiefly composed of lower jurassic rocks, and extending 
in a line nearly 100 miles in length from east to west. These are the 
so-called islands in the Ran;^ Pachham (Putchuin), Kharir (Khurreer or 
Kurreer), Bela and Chorar; the first, which is farthest to the east, being 
the largest, and comprising a rock area measuring al)out 1 5 miles from 
east to west and 13 from north to south, whilst in Kharir the rock area 
measures 19 miles by 10, on Bela 22 by 6, and on Chorar 13 by 4 ; a few 

' The rocks of Cntch were first described by Captain Grant, Oeol. Trans , Ser. 2, V, 
p. 289. 

The account of this province is taken partly from a report by Mr. W’^ynne, Mem. Q. S. I. 
XT, pp. 1-293 ; partly from manuscript notes by the late Dr. Stolic/.ka. The Cephalopoda 
have been determined by l>r. Wangen, and described in the Palseontologia Indica, Ser. IX. 
It should, perhaps, be noticed that Dr. Waagen’s views of specific distinction differ from 
those of many palseontologists, and that, as he points out, several of the forms described 
by him as species might by other naturalists not be considered to rank higher than varieties. 

2 The ** Ran ** of Cutch is an immense tract, surrounding the province on all sides, 
except the south, and consisting of barren salt marsh, periodically overflowed by sea water. 
This tract, which is evidently an ancient sea-basin, now filled up by alluvial deposits, will 
be further described in a subsequent chapter on post-tertiary and recent deposits. 
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.smaller islands also occur, but none of them are of sufficient size to be 
worth notice. 

Relations of Outchjurassics to higher formations.— None of 
the rocks found in Cutch and the adjoining islands arc of older date than 
Jurassic. In one spot some limestones containing upper neocomian 
Cephalopoda are found resting upon the jurassic series, the uppermost 
group of which may perhaps itself be of intermediate age, and belong in 
part to a lower neocomian horizon.^ In general the upper jurassic beds 
disappear to the south beneath the Deccan traps, but marine terliaiy beds 
(nununulitie) overlap the traps and rest upon tlic older series in many 
parts of the country, both traps and nuramulitic beds being (piite un- 
conformable to the jurassic formations. 

Physical Geology. — The lowest beds are seen dij)ping to the south 
in the Kan islands, J^ichhain, Kharir, &c., and are again exj)Osed in 
places in an anticlinal which runs along the northern edge of the province 
itself near the border of the Han, the intervening synclinal being, for 
the most ])art, concealed beneath the Ran. From the anticlinal near the 
Rail there is a general dip, varying in amount, to the southward. TIhj 
greater portion of the series is, however, repeated twice in eonsoquenec of 
a great fault, which runs from east to west along the northern scai’p of 
the Charwar range of hills south of Bhuj (Bhooj). 

Sub-divisions.— By the earlier observers, including M r. Wynne, the 
jurassic series in Cutdi was simply divided into a lower and an u])per 
group, the former chiefly marine, the latter ap})arently, for the most 
part,fi'^*sh water, though, as was shewn clearly by Mr. Wynne, no marked 
line of division can he drawn, for not only is there an absence either of 
unconformity or of any markcMl break in lithological character between 
th(' two suh-divisions, hut marine beds are oceasionally found interstrati- 
fied with the nj)|)er, and plant beds with the lower grouj). The examin- 
ation of the Cephalopoda by Dr. Waageii indicated the i)rol)ahility that 
representatives of several Euroi^oan jurassic groups existed in Cutch, and 
Dr. Stoliezlca, re-examining the beds with the aid of Mr. Wynne^s 
geologi(‘al map and his own knowledge of palaeontology, found no diffi- 
culty hi distinguishing four sub-divisions, the three lower of which ha<l 
lieon included in the inferior or marine group of previous observers, 
whilst the ujiper comprised the higher fresh -water beds, with the 
up]>ermost marine strata. The following are the names of the groups 

* Dr. iiiifortniiat<?ly did not live to publish the results of lii.s examination of 

Cutch, hut from his ron^?li field notes it appears probable that the upper neocomian bed of 
Utra is eonformahle to the underlyinpr Uinia beds. Ho does not precisely state, however, 
what are the relations of the upper bed to the lower at this spot. 
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]>roposed by Dr. Sioliczka, with their homotaxial equivalents amongst 
European formations^ : — 


CUTCH. 1 

EUKOPK. 

Guours. 

Beds. 

Zones. 

Gaoups. 


1. Beds with Crioceras and Ammon,' 
ites of the rotomagensis group. 

1 

Cektaceoits. 

JpperNeocomian. 

( 

2. Sandstones and shales with Cg- 
cadem and other plants. 

? 

? Wbaldkn. 

Umia . J 

3. Sandstones and conglomerates 
j with marine fossils, Ammonites 

1 ( Perispkinvtes) eudichotamus, 

1 JrequenSy Trigonia smeei, 

1 T. venlricosa, &o. 

Upper Tithonian . 1 

Low’er Tithonian 

UrpEK .if/KAssrc. 
Tithonian and 
Portland. 

/ 

1 4. Sandstones and shales with Am. 

1 {Pltylloceras) plifcJioiciis^ A. {Op- 

\ pvlia)^ trachgnolu.s, A.{Perisphinc-^ 

! tes) torquatus^ potlingcrit &c. j 

Zone of A. {PerispJi.) '' 
mutabilis. | 

Zone of A. {Oppelia) ' j 
tenuilobatu,s. > 

\ Ul'i’EU 

' JUliASSIC. 

^ Kim me ridge. 

Katuol / 

6. lied feiTiiguious and yellow sand- 
stones (Kaiitkot sandstones) 
with Am. {Stephanocera.s) maya^ 
A. {Aspidoceras) pcrarmalus^ A. i 
{Peris phinvti's) virgtiloides, leio- 
1 oymon. 

V Zone of A. {Pell.) \ 
bimammalas. 

? Zone of A. {Pelt) 

\ transversarius. 

Middle 
^ JUKASSIC 

(middle oolite). 
Ojford. 


' 0. Oolites (l)hosH oolite) with Am. 
{Sf.cphanoeeras) polyphe-muSt d. 

( Perisphi notes) indo-germaHi4.s, 
A. {Asp id ) iierarmaius^ hahea- 
•miSf A. {Pelt.) arduennensis, &c. 

1 Zone of A. {Amalilteus) 
j cordal/us. j 

1 Zone of A.{Amaltheusy 
lamberli. \ 

1 _ ^ , . '/ 


7. White limestones with Am. {Pelt.) 
athteta, A. {Oppelia) bicostatus, 
&c. 

, Zone of A, {Pelt.) 

1 athleta. 

\ 


(^UAKI . / 

8. Slkales with ferruginous luxlulcs 
with Aw, {Perisph.) ohtusicosta, 
ancepst A. {Uarpoceras) lunula 
jmnetatus, &c. 

Zone of A. {Pe.risph.) 
ancejis. j 

1 

1 

Ml DOLE 

1 JUKASaiC 
’(middlt! ofklite). 


9. Shales with calear(*ous bands and 
locally with golden oolite ; Am. 
{S/eph.) marrocep/ialus, tumi- 
dusj bullatus, A. {Oppelia) sub- 
eostarius, A. {Perispb .) funalus, 

\ kte. 

Zone of A. {Steph.) 
macrocephatus. 

j 

i 

i i 

j 

Kclloway. 

PlCHHAlf. ^ 

f 10. Light grey limestones and marls 
with Am. {Oppelia) serriger, 
, Corals and liraehlopoda. ^c. 

11. Yellow sand8tone.s and lime- 
stones with Trigoniee, Corbu- 
Idp, CuculletBy &c. 

i 

\ Middle 

1 JUEASSIC 

) (low'or oolite). 

1 Path. 


Waapcn ; 1 *k1. IikI., Scr. IX ; Introduction. 
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Thickness. — The whole thickness of the Cutch Jurassic series has 
been estimated by Mr. Wynne at 6,300 feet, of which 3,000, or very 
nearly half, belong to the uppermost group alone ; the thickness of the 
other groups has not been estimated separately. It must be remembered 
that the base of the whole series is not exposed, and that the upper beds 
had suffered from denudation before they were covered by the traps. 

Pachham group (Bath). — The Paehham group is thus named from 
its occurrence in the island of Pachham in the Ran. The lowest 
beds are exposed on the northern scarp of a range of hills, which runs 
east and west through all the Ran islands from Pachham to Chorar. The 
rocks composing the range dip south at a low angle ; the crest of 
the hills and the surface of their southern slopes are formed of a 
thick massive bed of yellowish sandstone and limestone, containing 
Corhula Aslarte cowpressay a Tngoma closely resembling 

r. interlamgata^ Ciundlma virgata and other fossils.' Below the massive 
bed come shales and sandstones, all more or less calcareous, contain- 
ing a Bht/nconella near R. concinna^ Limay Gervilliay a small Exogyray &c. 
The lowest bed seen in Pachham island is calcareous sandstone abound- 
ing in the small Exogyra, The same lower beds are seen in Koari 
Bet, a small islet north-west of Pachham, and on the northern flank 
of the range in Kharir, Bela, and Chorar, the top of the range in all 
cases consisting of the yellow calcareous rock. The thickness of this 
portion of the beds is at least 500 feet. 

Besides forming the range of hills in the islands of the Ran, the 
Pachham limestone is exposed at four places in Cutch itself, — at .larra, 
Kira hill near Chari, Jura hill, and in Halamaii hill near Lodai, all situated 
along the nort hern edge of the main province of Cutch, near the bor- 
ders of the Ran. In all these jdaccs the Bath rocks a])pear as inliers, 
exj)oscd at the crest of an anti(.*linal, and surrounded on all sides by 
higher beds. At Jarra, about 50 miles north-west of Bliu j, there is a 
bed of white limestone containing ScypJiia, a IWebratula , and small Rhyn~ 
conelhPy and immediately above it a bed of corals. These rocks do not 
appear to be equally well exposed elsewhere ; they are at the base of the 
(Miari group, and are considered by Dr. Stoliczka as the uppermost beds 
of the Pachham group of Cutch. 

The lower i)ortion of the Paehh.am group has yielded no Cephalopoda y 
and the higher beds only eight species, all of which are rare. One is a 
EaufiliiSy N. jumarensis ; the others are AmmonUeSy of which one belongs to 

1 Ab only the Cephalopoda of the Cutch beds have been propi'rly compared, it is possi- 
ble that some of the ideutiiications of other fossils may require inodihcatiou. Only thosp are 
mentioned wiru b arc in all probability correctly determined. 
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the sub-genus Oppelia, three to Stephanoceraa, and three to Perisphincte^, 
One Siephanoceras is a variety of Ammonites macrocephalus (PI. XIT^ 
figs. 3, ^a) the typical form of which is abundant in the next higher sub- 
division, and both the other species of Siephanoceras pass likewise into the 
lower beds of the Chari group. With the exception of A. macrocephalus y 
the only species found also in European rocks is A, (Oppelia) serri^er, 
which was originally described from upper Bathonian beds. So far as 
the Cephalopoda are concerned, it would be difficult to correlate the Pach- 
ham group with any sub-division of the European oolites, but the Pach- 
ham Brachiopoday which, however, have not been thoroughly compared, 
and the position of the beds immediately beneath the strata containing 
A, macrocephalus in abundance, have induced Drs. Stoliczka and Waagen 
to refer the group to the horizon of the Bath oolite (Bathonian). 

Chari group (Kelloway and Oxford). — The next group in ascend- 
ing order derives its name from the village of Cluiri, situated in Northern 
Cutch, about 32 miles north-west of Bhuj (Bhoo,]) and close to the borders 
of the Ban. This village has been known since the time of Captain 
Grant, the earliest geological explorer of Cutch, as an admirable locality 
for fossils, and especially for Cephalopoda, of which large numbers are 
found in the calcareous sandstones exposed around Kira hill. 

The Chari group is composed of four sub-divisions, each marked by its 
mineral characters and by the fossils it contains. Thegrouj>, as a whole, 
is in Cutch much more shaly than any of the other sub-divisions, 
but it contain - hard bands of limestone or calcareous sandstone form- 
ing ridges, which arc usually distinguished by characteristic forms of 
Ammonites. 

The lowest of the four zones or sub-groups consists of shales, usually 
of a grey colour, with occasional bands of golden oolite, and some- 
times nodular shaly limestone. The rock called golden oolite (which 
is not peculiar to India, but which is also found in the jurassics of 
Europe, and at about the same horizon) is very characteristic and easily 
recognised. It is a rather coarse-grained limestone, composed of calcare- 
ous grains, which arc coated with a very thin h^rruginous layer, and 
are surrounded by a matrix of carbonate of lime, so that the stone 
has much the appearance at first sight of a rock with golden-coloured 
mica. In places, as at Chari itself, the golden oolite is thick and con- 
spicuous, but it is locally distributed and often wanting. The most 
characteristic fossils of these lowest Chari beds are Ammonites {Sie~ 
phanoceras) macrocephalus, and allied forms of the sub-genus Stephano- 
ceras. 

Above the macrocephalus beds come dark shales, often black, with 
ferruginous bands and concretions. Sometimes, however, the nodules 
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associated 




bands 


or 


• i 1 — ivhif<:k 1 ^ ®bale^ witlj 

its jiroseiife bcncainr ® i 

is A.W hiouilcs {^clfovci utisijv h\r a., i 

ot tUi. «.uJ i. ««,■•; “■«“ “life Tbe llT''™' “f V 

tologically the mosii cliara?',^^'^ black ea]cs]>ar. ^ ^ ^ 

thou{*‘li more dcjveloped Js botii litholo^-ieallv •m 1 

reddish, or brown oolite, sometPjfiJlJb It is of no 
abounds in many j daces in a Ttre^ra/z^/a closely allied to the cretaceous 
7[ adluy and referred to that species as a variety by Sowerl)y : Cepha-^ 
lopoda are also extremely abundant. 

The Chari beds are exposed in several jdaees in Cuteh, but tliey 
nowhere occu])y a lar^e area. They are found resting upon Pachham 
l)eds in the southern ])art of Paeliham and Kliarir islands, and in two small 
islands, Kakindiya and Gan^ta, south-east of Kliarir (they form only the 
axis of a quaquaversal anticlinal on the latter); but none are exposed 
in Pela or Chorar, though a small area exists in the extreme north 
of AVagad. In these outcrops the sub-divisions are less well marked than 
to the southward, and the two charaeteristicj Turchraiidm have not been 
noticed. In the mainland of Cutch, the Chari group occupitis two series 
of inliers. One of these series is seatt(*red at intervals along the 
northern anticlinal range ; the roeksappearat three places west-north- west 
of Chari, again around Kira hill, near Chari, the typical locality; they 
extend nearly 12, miles from east to west around the Pachham beds 
of Jura hill, north ol* Phuj, and they are found in two more outcrops 
farther east around Ilalamdn hill, where they extend more than 0 miles. 


* 111 Dr. Stoliezka’s field notes he mentions having at one locality found fragments 
of quartz and of a limestone derived from one of the lower groups, probably from tho 
Pachham beds, ocmented together in the rock at this horizon. This may indicate uncon- 
formity. 
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and they again appear a mile farther east. Another s(‘ries of outcroj s 
occurs iu the Chdrwar range, south of Bhdj. Here the Chdri beds are 
brought up at intervals along the southern side of the great fault; 
they are greatly disturbed and cut up by cross faults, but the diflPerent 
bands can be easily recognised, — the Dhosa Oolite with Terehraiula sella ^ 
var., the white alhleta beds, and the baud with T, hipUcatuy var., being 
always cons[)icuous. 

The relations between the Cephalopoda found in the different sub- 
divisions of the Chari group, and the corresponding Kelloway and lower 
Oxford groups in Europe, are the following, according to Dr. Waageii. 
The Chari fauna is very rich, comprising altogether 112 si)ecies, of which 
87 are Europe.an. In the lowest Ch^ri sulvdi vision, or macrocephalus 
beds, 81 Cephalopoda have been found, viz., 2 species of Belemniks, 8 of 
NauUlm, and 26 of AmmoniteSy of which 2, including A. dhpntah'tlis 
(PI. XII, lig. 3), belong to the sub-genus Plu/I loceras ^ 1 lo la/toceras, 1 
to Oppelia, 1 to Ilarpoceras, no less than 13, including A. maerorephalus 
(PI. XII, figs. 5, 6a), to Slephanoceras, and 8 lo Pensphhicfes, Tliree arc 
common to this sub-division and the upper Uachhain beds, whilst, none 
are known to range into higher strata. Sixteen spe(*ios, or rather more 
than one-half, arc found in Europe, all, except two, l^clonging extdusively 

10 the beds with A, macrocephalus (Lower Kelloway), 

In the next sub-division, the dark shales with Terehraiula htplk 
cala, var., 27 Cephalopoda arc found, mz., 8 belemniies, 1 ?lantilus, 1 
Anc^loceras, and the remainder Ammoniies, among.st which 2 belong 
to Vhylloceras, 3 to Oppelia, 5 to Harpoceras, 1 to Sfcphanocaras, juid 

11 to Perisphincles, Six of these range into higher beds, whilst 7 
are European, and of these latter 5 arc only found in the beds witli 
A, auceps (Middle Kelloway). 

The Alhleta beds have yielded 20 sj)ecies : 3 Belemniies and J 7 Ammou- 
ites {Phylloceras 1, Amaltheus 2, Oppelia 2. Ilarjjoceras 2, Pelloceras 1, 
Aspidoceras 2, and Perisphincles 7) ; 5 of those are common to the next 
lower sub-division, and 2 to the Dhosa Oolite. Eight are European, 
six being peculiar to the zone of A. alhleta (Uppcjr Kelloway). 

In the Dhosa Oolite no less than 84 Cephalopoda have been found, 
VIZ., 4 Belemniies, 1 Nautilus, and 29 Ammoniies {Phylloceras 2, 
Harpoceras 1, Pelloceras 5, Aspidoceras 4, Slephanoceras 8, and Peri- 
sphinctes 9) ; of these 4 range into higlier and 3 into lower beds. 
Eiglit arc found in Europe (the most importiint being Am. {Aspidoceras) 
perarmalm (PI. XII, figs. 4, ia) ; and of those seven belong exclusively 
to the zones of A. [AmaUheus) lamherli and A. [Amallh.) cordatus (Lower 
Oxford). This group also abounds in other fossils, especially, as already 
mentioned, in Ter ebr alula sella, var. 
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Katrol group (Upper Oxford and Kimmeridge) — The Katrol 
group, which rests upon the uppermost sub-division of the Chari beds, is of 
considerable thickness. It consists of sandstones of various kinds, white, 
brown, i)inkish-grey, &c., and shales usually grey or reddish, but some- 
times very dark coloured like those of the Am. anceps zone. Ferruginous 
nodules and concretions sometimes occur in the shales which prevail 
towards the basci of the group, the upper portion being chiefly sandstones. 
On the whole, however, shales predominate. 

These l)eds form two belts in Cuteh proper. The first occurs in the 
anticlinal along the llan and extends for nearly 80 miles, surrounding 
the inlicrs of the Paehham and Chari grouj>s, and extending to a consider- 
able distance beyond them. The exposure of Katrol rocks varies in 
breadth, being, where broadest, nearly 10 miles wide. The second belt 
is in the Charwar range, south of the great fault ; this tract is about 
.‘15 miles from east to west, but nowhere more than 2 miles broad. 
Besides Ihis, beds apparently belonging to the same group occupy the 
greater j)art of Wagad. The rocks are very similar in mineral character, 
consist ing of coarse and fine grey, pinkish and white sandstones above, 
and grey or yellowish shales below ; but the Cephalopoda found are almost 
all distinct, and ajypear to indicate a lower horizon. From their develop- 
ment around tlie town of Kantkot, these Wagad beds have received 
the name oF Kantkot sandstone. 

The C(phaht))oda of this Kantkot sandstone are nineteen in number, 
4 Belcmultes and 15 Ammoniles {Vhi/lloceras I, Afipidacaa,^ 2, Stephan^ 
oceras 5, Pensphincies 7). Four of these, Am. {Apidocerad) pemrtmiuHy 
A. {S(ep/uiu()centf<) ma//aj /issn,s, and ophs, are also found in the Dhosa 
Oolite of the Chari beds, whilst only one species, Belemnifes grantiunus 
{£. IciinfhdfuNls, n. XII, fig. 2), is common to the Kantkot bed and 
the Katrol group in Cutch proper. Thus the Kantkot beds appear by 
tlieir cephalopodous fauna allied more closely to the uppermost Chari 
beds than to the Kantkot group. Three species only of the Kantkot 
Cephalopoda arc ihiropean, A. (d.?/?.) perarmatus, A. [Ver.) plicafUis, and 
A. {Per.) wartellif and only one of these, the last, is limited to a single 
zone, that of A. {Pelf.) trausrersariiis (Upper Oxford) in Europe, the 
other two ranging lower. Several forms are, however, allied to upper 
Oxfordian species. 

The Katrol group proper has yielded 26 species of Cephalopoda, 4 
Belemnifes and 22 Ammonites {Phylloceras 2, L^f oceras 1, Haploceras 2, 
Oppcl'ia 4, besides an Apfgchns, ITarpoceras I, Aspidoceras 5, Perisphinctes 
7). Only one of these species, Bel. graniianns, is found with certainty 
ill any other group in (hitch. Pour species are found in Europe, all 
belonging to the beds of the Kimmeridge group, with A. (Asp.) acan- 
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ihicus. Of the above Cephalopoda^ by far the most characteristie and 
abundant is a non-canaliculate Belemnite^ B, hairolensis. The commonest 
Ammonites are A, [Oppelia) Jcachhensis, A, (Per.) poLtingeri (PI. XII^ 
fig’s. 6, ^a), A, {Per.) katroleusis, and {Per.) torqnaims. 

Imperfect plant remains are common in the Katrol group, as they 
are in many of the lower beds of Cutch, but in one instance near the 
village of Narha, as has already been mentioned in the description of 
the Cxondvvana series, Mr. Wjmne found, in shales interstratificd with the 
Katrol beds, and distinctly inferior in position to some of the marine 
bands of the group, several remains of plants, of which four species, 
Sp/ienopteris argata. Alethoplerls whitby crisis ^ Oiozamites contigims, or an 
allied form, and Araucarites cuicJiensis, have been identified by Dr. 
Feistmantel. The relations of these plants have been already discussed on 
a previous page. 

Umia group (Tithonian and Portland). —The U mia group derives 
its name from a small village in Western Cutch, rather more than 50 
miles north-west of Bhiij. Taken as a whole, this group a]>])cars to 
equal in development all the other Jurassic beds together, l)eing, a(*, cord- 
ing to Mr. Wynne^s estimate, u])wai*ds of 3,i)0n feet thick. It is the 
equivalent of the upper Jurassic group of Mr. Wyllne^s Memoir. As 
a rule, it consists of sandstones of various kinds, and rnonr or less sandy 
shales. The sandstones are very often soft and v;hite or ])ale-brownish, 
sometimes variegated, and very generally distinguished by thin bands of 
hard black or brown ferruginous grit. Occasionally the sandstones are 
variegated with pink, red, and brown ; they are often very argillaceous 
and tend to deconij)osc into a loose sandy soil, which covtns and conceals 
the rocks over a great part of the country. In a few instances carbona- 
ceous shale occurs, and in one locality, a thin seam of bright jetty coal. 
A few thin hard bands of sandstones are met with, some being so hard as 
to be almost a quartzite. There is a marked resemblance in the beds of 
this group to some of the up])er Gondwana strata of Central India ; 
there are the same soft argillaceous sandstones and sandy shales and the 
same hard ferruginous gritty ])ands. 

Towards the base of the Umia group, there is a thick band of 
calcareous conglomerate, hard and grey, sometimes ferruginous, associated 
with sandstones and shales. In the conglomerate and in some associated 
beds marine fossils are numerous. Throughout all the rest of the group 
remains of plants are common, but tlicy are not often sulficiently 
well preserved to be identified; marine fossils are very rare, but 
Trigonia smeei, the most typical fossil of the group, has been found 
in places, as near Vigor, 40 miles north-west of Bluij, in beds near the 
top of the group and well above the horizoA at which most of the plant 
fossils have been obtained. 
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The beds of the Uniia ^‘roiip are covered uiieonforniably by the 
Deeean traps and by tertiary rocks, except in one place, where, as 
already mentioned, they underlie the upi>er neocomian (Aptien) beds of 
I'kra liill in Noitli-Western Cuteh. 

The surface occupied by the rocks of the Umia gi*oup corresponds in 
magnitude with the thickness of the formation, and embraces nearly, if 
not quite, half of the jurassic area in Cutch. In Cutch proper these 
beds extend throughout the province from the western extremity near 
Lakhpat to the eastern end beyond Bachao, forming a gi’eat plain south of 
the irregular range of hills along the edge of the Ran. They also extend 
round each end of the range, especially to the eastward, where the 
bottom Umia beds extend about 20 miles along the Ran north of the hills 
near Juran and Lodai. The main belt of Umia beds is from 8 to 12 
miles acros.s on an average ; these rocks lap round the western end of 
the Ciuirwar range, where the great east and west fault, to which the 
range is due, ap])ears to die out, and they cover another plain, nearly 50 
miles in haigtli from east to west and about 8 miles broad, south of the 
Charwar range. They also form the western portion of Wfigad. 

The plant remains of the Umia group and their relations have already 
i)een described in the chapter relating to the Gondwana system. Tt was 
(here shewn that 23 species had been identified, of which the commonest 
is Piilophullnm ctUchense (PI. XI, figs. 3, 4), and of which 10 are either 
<‘ommon to the? lower oolitic, beds of Yorkshire or represented by very 
closely allied forms. Bearing in mind that the plant beds arc superior in 
|;osition to all the portion of the group which has furnished Ccphulopofla , 
it is remarkable to find tliat the latter exhibit a very decided upper oolitic 
{Portland and Tithonian) facies. 

They are eleven in number,^ tlz , — 

.Delemnitcs ffraniiamis {huntkotemis). j A. {Pvrisphincteit) hleichcrt. 

Belemnites, 2 sp. indet- : A. (Per.) ovcMtf areal us. 

Am. (Haploccras) d.tom(rp7wru«, A. (Per.) eudichotomu.s. 

A (Aspidoovras) ^eynnei. A. (Per.) frequens. 

A. (PerisjMnctes) cf. suprajurensis. A. (Per.) deusepUcalua. 

Of these eleven species, one, Belemnites (jrantianns v. knulkofensift, 
is found in lower beds in Cutch, and the two other forms of BeleiitnUcs 
ar(‘ closely allied to the Katrol species B. clavujcr and B. katrolcnsis, 

* Niue, according to Dr. Wuagen, Pal. Ind. Scr. IX, pp. 225, 232, but appears U^ 
have overlooked two forms — Belemnites kuntkotensis (grantianus)^ stated at page 4 to 
have been found in Umia beds, and the specimens from tlic same group doubtfully referred 
lo 7f. vlavigoTt p. 7. These very triiliiigand unimportant oversights arc not noticed in order 
1.0 call attention to a trivial error, but because? the relations of the Umia group are ot' con.si‘ 
dernble importance and have been disputed. In ronsequenee of the groat importiinoe of 
t.liis group, the evidence uptui which its relations to the upper jurassic heds ot Europe are 
based is given in fnll 
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and may be identical. All the eight Ammonites are restricted in Cutch to 
the TJmia group, but two of them, A. iomephorua and A. eudichotomuSy are 
Tithonian species found in the uppermost jurassic l)ods of Southern 
Europe, whilst A, hlelcheri and A. suprajurensis are found in the Portland 
strata of Northern Prance, and A. occuUefurcatus is barely distinguishable 
from another Portland species, A. {VenupMncUs) boidmi. Lor. The con- 
nexion between the Cephalopoda of the Umia group and the forms found 
in the uppermost jurassic beds of Europe is consequently very marked, 
des 2 >ite the small number of species found in the former, and Dr. 
Waagen states that the same marked similarity exists between the lamelli- 
l)ranehiate bivalves or P elecypoda of the same beds in the two regions.^ 
The are, however, rare and exceptional in theUinia group, 

and they form by no means so im- 
portant a portion of tlu^ fauna- as 
they do in the Chari, and even in 
the Katrol group. The commonest 
Umia fossils are two specie's of Tri- 
f/ooia, 1\ meei (PI. XII, tig. 11), and 
T. vealrleom, th(‘ latter Ix'ing also 
found in the uppermost jurassic* rocks 
of South Africa, whilst a very closely 
allied form, T. iuhercnVifcmy occurs in 
<*rela.ceous beds in Southern India. 
The occurrence of botli oF these Tri- 
gonire in jurassic beds associated with 
up})er Gondwana- strata- on the cast 
coast of India near Ilajarnahendri has already been noticed. Other forms 
of common occiirnnee in tlie Umia group are Trlgovhe. allied to 1\ vati, 

' Pal. Iiid., IX, p. 225. Dr. Fiaatiiumtcl, however (Rcc. G, S. T,, 187f>, IX, p. 116), has 
eontoiHleil that some of the forms found in tlm upper Cnteh hods slicw allinities to middle 
and lower jurassic forms. This is doul>l,U*Hs tiu; case, and it is eipuilly certain that some 
Umia fossils arc allied to crctae<^ns forms, hut no accurate couflusi(»iiH ns to the relations of a 
fauna can evt?r he attained by selectin*; a few .species only for comparison. In the case of 
TrUjonia rr^utricoHa and a Tnyonia rclatc«l to T* vau, quoted by Dr. KidstinHiitcl us provinjj 
an airinity to older formal-ions, a Jiiistake lias been made in supposing that these fossils 
belong to bods in Africa of middle or lower jurassic age. Tliis was formerly supposofl 
to be the case (Q. J. G. S., 1867, pp. 16U, 171, <fec.), but it has since been shewn by Mr. 

^Stow (Q. J. G. S., 1871, pp. 502, &e.) that T. ventricoaa and T. vau are the cliaracteiistie 
fossils of ouc of the uppermost juiassie zon<‘S, nvsting upon a IxmI \vhi(;h contains Hamiles, 
a cretaceous genus, and a neocoiniaii form of Crassatelln. The evidenct*, therefon?, ail(>rde<l 
by this important fossil, Tritfonia venfrlrosa^ confirms in a most sigujd manner tlie view.s 
adopted by Dr. Waagen from a study of the Cephalopoda. Some other Umia fossils 
appear also closely related to species found in the upper jurassics of Southern Africa ; for 
instance, the Oervillia appears undistinguishahlc from the African 17. dent ala 
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T. davellafa (PI. XU, %. 10), and 1\ glhhosa, Adarte major (PI. XIT, 
fig. 13), a GeroiUiay a peculiar Grgphaa, intermediate in form between 
6r. dilatata and G, vesicularis^ Goniotnyay &c. Some of these range into 
lower groups also. A portion of the jaw of a Plenosaurus was also 
obtained from these beds, and it has been described as P. indicus} 

Owing to the circumstance that, with the exception of the Cephalo-^ 
podoy the large collections of fossils made in Cutch by Messrs. Wynne, 
Fedden, and Stoliczka have not hitherto been examined and compared, the 
distribution of many of the most characteristic species has not been 
definitely ascertained. Amongst the forms which are most abundantly 
preserved in the lower groups of the Cutch jurassic series are species 
of Pleurotomariay Pholadowya granola (PI. XII, fig. 8), Ph, angulata, 
(PI. XII, fig. 9), P. inornatay Corbula lyrafay C, pectinatay Nucula 
i“U7ieiformtSy Cucullma virgatUy Trigonia costata (PI. XII, fig. 12), and 
Osfrea mardni. 

Table shewing distribution of Cephalopoda.— The following 
labJe shews the general result of Dr. Waagen^s examination of the 
J urassie Cephalopoda found in Cutch : 
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T he correspondence, not only with the European jurassic rocks as a 
whole, but w4th the different groups into which they are divided, is re- 
niaikable, and greater than is known in any other Indian formations, the 


^ Lydekker ; Rec. 0. S. 1., IX, p. 15l; X, p. 41. 
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only other series of Indian rocks of which the fauna has been suffi- 
ciently examined to justify the comparison — the cretaceous series of 
Southern India — shewing much less close agreement in the distribution of 
the fauna^ and especiall}’^ of the Cephalopoda^ with the corresponding 
groups in Europe. The only remarkable instance in which the Cephalo^ 
poda of the Cutch jurassics differ from their representatives in the 
jurassic rocks of Europe, is in the prevalence in the Indian area of the 
macrocephali ammonites {Siephanoceras) at a higher horizon than in Europe. 
In Cutch they abound in the Dhosa Oolite and Kantkot sandstone, the 
other Cephalopoda of which are of Oxford, and in the latter case of upjicr 
Oxford types, whilst in Europe they are not known above the base of the 
Kelloway group. As will, however, be shewn in the next chapter, some 
of the cretaceous forms of Ammonites found in Southern India shew a 
remarkable resemblance to the jurassic forms of macrocephali, and in this 
instance they are associated with species allied to Ammonites character- 
istic of even older European deposits. 

Jurassic beds in the great desert north of Outch.— The occur- 
rence of jurassic fossils in the wild semi-desert tract lying to the north of 
the Ran of Cutch has been known for many years. A few species 
were obtained from the country immediately north of the Ran by Sir 
H. Pottinger, aii [ these were figured and described,^ together with the 
much larger collections made by Captain Grant and Captain Smee in 
Cutch. Amongst the species thus obtained were Armnoniles poltingeri 
and A, iorquatus, both of which in Cutch have only been found in the 
Katrol group. The rocks immediately north of the Ran have never 
been explored by a geologist, but farther north, near Jesalmir, some 
jurassic Ammonites were discovered by Dr. Impey ^ in 1858, and a few 
data have since been added by a traverse made in 1876.^ It is pro- 
bable that a considerable area in the desert is occupied by jurassic strata, 
but the rocks are concealed throughout the greater portion of the region 
by a great thickness of sand. The only localities which have hitherto 
been examined are in the neighbourhood of Jesalmir to the north 
and Balmir to the south. 

Three beds in particular have been recognised amongst the strata 
exposed, but only one of these can be referred even approximately to a 
definite horizon amongst the Cutch series. The beds arc in descending 
order : — 

1. Ammonite bed of Kuchri. 

2. Jesalmir limefttenes. 

3. Balmir Hand»toues. 

1 Oeol. Trans., Sor. 2, V, p. 715, PI. LXI. i * Rec. G. S. 1., X, pp. 10, 21. 

’ Jour. Bom. Br. R. A. S,, .VI, p. 161. I 
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BaJluir saDdstones. — The Balmir rocks consist of sandstones, grits, 
and con^,domeratcs, the most characteristic beds being whitish or greyish 
sandstone, very fine and compact, and a still finer rock approaching ii 
conipaet-shale, white, but veined and blotched with purple. These beds 
must att.ain a considerable thickness, but only the lowest are well ex- 
j>oscd, the upper strata being probably softer. The lower members of 
the group are well seen at Balmir itself, where they rest upon the altered 
volcanic rooks of Maldiii, and in some hills near Naosir, about J30 miles 
farther (‘ast. Fragmentary [dant remains are common, but nothing 
sufficiently well preserved for determination has l>een found, and no 
remains of animals have been detected in the beds. 

East and south-east of Jesalmir, l)encath the marine Jurassic beds 
of the next group, a considerable thickness of white, grey, and brown 
sandstones is exposed, interstrati fied with numerous bands of hard 
black and brown ferruginous sandstone and grit. Towards the base are 
some soft argillacicous sandstones, streaked and blotched with purple and 
closely resembling the Balmir beds, except that they are less hard. These 
rocks probably belong also to the Balmir group. They have a great 
lesemblance to the Uinia group of Cutch and to some of the Gondwana 
beds of tlie Central Provinces. The only fossils found, except fragments 
i.>f leaves, are some pieces of dicotyledonous fossil wood. 

Jesalmir limestones. — Tlie sandstones and limestones of Jesalmir 
rest upon the beds last described, and consist of thick bands of com pact- 
buff and light brown limestone interstratifted with grty, brown, and 
blackish sandstone, with some conglomerate. The limestone forms eon- 
sj)icuoiis scar])s close to the town of Jesalmir, and it is highly fossil i- 
ferous, containing amongst other species Terebratula biplicata^ T. inter- 
wcifiu, Vholadomya ffranosny Corbiilu lyraki, C, pectinata^ Trigonia codata, 
Nncnla cuneiform Is, Fee fen lens, and NaiUilus knmagunensis. Ammonites 
(Step/iinwceras) Jissns has lH»eii obtained frem tlie neighbourhood, but very 
possibly from a different horizon, for in Cuteh it belongs to the Dhosa 
Oolite and the Kantkot sandstone (both Oxford), whilst Nautilus 
knmagnnensis is only found at a lower horizon in the beds with Am. 
macrocepltalns at the base of the Chari group. Terebratula hiplicala in 
Cutch is chiefly eliaracteristie of a rather higher horizon than that of 
the macroceplmtus beds. There can, however, be but little hesitation in 
referring the Jesalmir limestones to the age of the Chari group. 

Ammonite bed of Kuchri. — The Ammonite bed of Kuehri is 
exposed about 25 miles west-north-west of Jesalmir, and consists of a 
tliin bed of butt* and brownish limestone, weathering red where exposed, 
and abounding in yellow Ammoniles of three or four species. None of tKe 
Ammonites eaii be safely identified with any Cutch species, though one 
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form is very near A, {StejAianocerait) opts, which, like A, Jissns, is com- 
mon to the Dhosa Oolite and Kantkot sandstone. Below the Ammon- 
ite beds arc dark calcareous sandstones resting upon soft white sand- 
stone, and similar beds are found above, the whole being caj)ped, a few 
miles to the westward, by nuniinulitic linieston<\ The relations l>etween 
the Kuehri bed and the Jesahnir limestone aie not clearly seen, but the 
former appears to l)e higher in the series. 

Jurassic rocks, probably belojiging to the Umia group, liave recently 
b(‘en found by Mr. Fedden to exist in Northern Katty war. To the north 
of Jesalmir the rocks may extend into Bikanir. The Jurassic rocks of 
the Panjab Salt Range and of the Himalayas will be described in 
a subsequent chapter.^ 

1 After the first pages of this chapter had been xnissed for press, it was noticed that 
an omission of some importance had been made with regard to the Ammonites of the 
Srii>erm«tur beds ; j)p. 149, 250. Dr. Wuageii, Pal. Ii»d., Scr. IX, p. 230, pointed 

out that these resembled Neocomian rather than Jurassic tyj^es. As, however, 

owing to the j)oor state of preservation, the species cannot be dotermirud, I>r. Waageii 
has himself noticed (Denhsehrift mat. nat. klasse K. Akad. Wiss. Wien., 1878) that too 
iniieh weight must not h».‘ attached to so imperfect an identification. 
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CHAPTER XII. 

PENINSULAR AREA. 

MARINE CRETACEOUS ROCKS. 

NeocoTninn beds of Cutch — Middle and upper cretaceous beds of India — Cretaceous 
rocks of Trichinopoly and Pondicherry — Area occupied — Sub-divisions — Utatfir 
group — Distribution — Palajontology — Trichinopoly group — Distributiou — Pulai- 
ontology — Arialur group — Distribution and reliitions to lower groups — Palaeon- 
tology — Uppermost Arialur beds of Ninnyur — Rclatious between faunas of differ- 
ent groups — Physical geography of Southern India in cretaceous times — Connexion 
with cretaceous rocks in other parts of India — Relation to cretaceous rocks of South 
Africa — Cretaceous fossils of Sripermatur near Madras — Cretaceous beds of the 
Narbada valley or Bdgh beds — Mineral characters and distribution — Physical geo- 
logy — . Palseontology — Relations to cretaceous fauna of Southern Arabia. 

Neocomian beds of Cutch. — Before proceedings to describe the 
other cretaceous rocks' of the Indian Peninsula, all of which are of 
middle or upper cretaceous age, it may be useful to notice briefly the 
existence of a band belonging* to a lower cretaceous horizon in Cutch. ^ 
To the occurrence of this band attention has already been directed in 
the description of the Jurassic beds of the same province. 

* The following cretaceous fossils are figured on Plate XIII: — 

Fig. 1. uimmonUes rolomaffensis, , 

„ 2.- A.planulatug. 

„ 3. TurrilUes contains, 

,, 4. Baculites vagina, 

„ 5. AporrJiais securifera, 

„ 6. Avellana scrohieulata, 

„ 7. Cardium {Protocardium) ItiUanum, 

„ 8. Trigonia scabra. 

y, 9. Jnoceratnus simplex. 

„ 10. Pecten {Vola) quinquecoslatus. 

yy 11. Hippurites organisans. 

„ 12. H. cornuvaccinum (transverse section). 

All are Indian fossils, except the Sippuriies, which have been introduced because of the 
great abundance of forms belouging to the genus in ixiany cretaceous formations found 
ill parts of Europe and Asia. 

^ The only published account of this bed is in the ** PalsBontologia Indica/’ Ser. IX, Juras- 
sic Cephalopoda of Cutch, pp. 245-247. No account of the locality was ever printed by the 
discoverer. Dr. Stoliczka, and his note-books contain scarcely any details on this particular 
point. 
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The only representative of the marine cretaceous formations known 
to occur in Cutch is a thin bed of ferruginous oolitic rock which occurs at 
the base of the Deccan traps forming Ukra hill, 7 miles south-east of 
Lakhpat, in North-Western Cutch, and rests upon beds of the Umia group. 
The outcrop is very ill seen, and nothing has been definitely ascertained 
as to the degree of conformity between the cretaceous bed and the 
underlying formation, but there appears to be no marked contrast between 
them. 

The following three fossil Cephalopoda have been obtained from this 
locality 

Ammonites martini, 

A. deshayesi, 

Crioceras australe. 

Of these the two former occur in the lower greensand (neocomian) 
of Europe, and are most characteristic of the upper portion (Aptian of 
D’Orbigny) ; the third has been found in cretaceous beds of Australia, 
the exact horizon of which is not known. 

Middle and upper cretaceous beds of India.— Excluding Cutch, 
there are but two areas, widely separated from eacli other, in which marine 
cretaceous rocks have hitherto been described as occurring in the Indian 
I’eninsula. The most important of these is in the neighbourhood of 
Pondicherry and TrichinojX)ly in Southern India; the other is in the 
Narbada vah * / between Mandlesir and Broach, Fragments of sand- 
stone containing cretaceous fossils have been found at Srij)crmatur near 
Madras, but the rock has not been discovered in place. There is a third 
locality for marine fossils, which should, in all probability, be classed 
a.s cretaceous, in the neighbourhood of Ell ore, but as the deposits are 
associated with outbursts of the Deccan traj>, it will be best to treat 
of them in connexion with the rocks of that series. Cretaceous rocks 
are also found in Sind, the Pan jab Salt Range, and Spiti, north-east of 
the peninsular area ; whilst to the north-east and east, beds of the same 
age occupy a considerable, but little known, area in Assam and Burma. 

As the cretaceous rocks of Southern India liave been carefully 
examined, and the magnificent series of fossils procured from them 
exhaustively described, they will first be noticed. 

Cretaceous rocks of Trichinopoly and Pondicherry .--The 
occurrence of cretaceous rocks in Southern iTidia was first observed in 
1840 by Mr. Kaye of the Madras Civil Service, who, in company with 
Mr. Brooke Cunliffe and others, collected a large scries of fossils, which 
were examined by Professor E. Forbes. The rocks near Pondicherry 
had, however, some years before attracted the notice of Mons. E. Chevalier, 
but no account of them was published until after the appearance of 
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All*. Kiiyc’s (lesc*ri])ti(>ii. A eolloctiou of fossils from the iieif^li hour hood 
of PoiidielK-Try was examined by Mens. A. D^Oi'})i<»*ny, and referred to 
an nj)])er er(d;aeeons age. Professor E. Forbes^ on the other hand, refer- 
red the beds of Triehinopoly and Verdachellam to the age of the upper 
gri*ensand or gaiilt, and the Pondieherry beds to the neoeornian. It was 
shewn by Mr. H. F. Blanford that Leds of two ages exist near Pondicher- 
ry, and lie, following Professor Forlies, considered the lower of these or 
Yaludaynr beds neoeornian and older than any of the Trichino])oly rocks, 
but the thorough examination of all the Southern Indian fossils by Dr. 
Stoliezka has proved that the general hoinotaxis is middle and upper 
cretaceous, and that the neocomiau and oolitic forms, which led to a portion 
of the beds being originally classed as lower cretaceous, arc less numerous 
than the middle cretaceous species with which they are associated. It was 
also found that the fauna of the Valudayur beds had more species than 
was at first supposed in common with the lowest group of the Prichin- 
opoly area, and the two were consequently considered identical. The 
Cephalopoda of the lower beds comprise several s])ecics biund in the 
gault of Europe, and the number was at first supposed to be larger than 
it jiroved on subsequent closer investigation ; but as there are s(!ar(*(‘ly 
any representatives of gault forms amongst the very numerous and 
beautifully preserved Gaaleropoda and LamelUhranchiaia [Pelecypoda) ^ 
the whole of the Southern Indian beds were finally riderred by Dr. 
Stoliezka to an age not older than the upper greensand of England 
(eeiiomanian), and ranging thence to the upper chalk (senonian). 

The rocks of cretaceous age in Southern India ^ occupy, with relation 
to older and newer formations, a very similar position to that of the oiit- 
eroi)s of upper Oondwana beds farther to the northward. The cretaceous 
beds occur in the great plain which extends along the Coromandel Coast, 
from the north of the Godavari to Cape Comorin. They rest to the west 
iq)on the gneiss or occasionally upon small patches of the upper Gond- 
wana (Rajmahal) beds themselves ; they have a low dip to the eastward, 
and are covered up on the cast by tertiary beds, known as Cuddalore 
sandstones, and l)y the alluvium of the sea-coast. The cretaceous 1)eds an* 
exposed at the surface in three detached areas, separated from eaeli 
other by the alluvial deposits of the Puniar and Vellaur rivers ; of thcs(? 
areas the southern and largest, l)etween the Vellaur and Coleroon rivers, is 
in the Triehinopoly distri(*t, and known as the Triehinopoly area. North 

’ For a complete description of the f^eolog^’ by Mr. H. F. Hluijford, sec Mem. O. S. J., 
Vol. IV, pp. 1-217. The fossils arc described and figured in four volumes, comprising 
Series 1, 111, V, VI, and VIII of the “ Palaeoutologia Indieu,*’ all by Dr. F. Stoliezka, with 
the exception of the Belemniles and Nautili, which are by Mr. II. F. niauford. Some 
udditiou'.il notes on the CfphalojMcla are published in the Uec. O. S. 1., Vol I, p. 32. 
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of Vellaui* are two iniuili smaller exposures near Verdachellam and Pon- 
dicherry resj)ec*tively, and named from those towns. 

Area occupied. — The Triehinopoly area extends about 25 miles from 
north to south, and is of about the same breadth where widest, l)ut it is 
very irregular in form. South of the Coleroon (the principal outlet of 
the river Cauvery) no cretaceous beds have hitherto been clearly traced, 
though rej) resen tatives may perhaps occur south of Triehinopoly and 
east of Madura, but the southern boundary of the cretaceous area, north 
of the Coleroon, is chiefly formed by gneiss, and metamorphic rocks 
appear again to the south of tlfe alluvial flat through which the river 
runs. 1^0 the northward, however, the cretaceous rocks disappear be- 
neath the alluvium of the Vcllaur river and re-appear north of the 
river at Verdachellam (Vriddachellam), forming the Verdachellam area, 
in which, however, only the highest cretaceous group is exposed, and 
even this is only visible at very few points. It occupies a tract of 
country about 15 miles long from north -north -east to south-south-west, 
by about 5 broad, with gneiss to the west and tertiaiy Ciiddalore 
sandstone to the east. There is a second break in the rocks at the 
Pandr river, and alluvium extends to the* neighbourhood of Pondicherry, 
causing an interval of about 25 miles in the belt of (jretaccous rocks 
before they reappear near Valudayur, 10 miles west l)y north from 
Pondicherry. Here tiny occupy a small tract of country about 12 miles 
long from TK>rth-east to south-west, by G miles broail, and only separated 
from the sea on the cast by a band of Cuddalore sandstones 2 to I* 
miles wide. To the west is a narrower sti ip of Cuddalore sandstone, 
beyond which the country consists of gneiss. 

Sub-divisions. — In 1 \\] three areas there appears to be a low dip to 
the east, the lowest beds appearing at the western boundary and 
liigber groups succeeding in regular order to the (‘astwanl. Many of 
the dips seen in the rocks arc, however, decci)tivc, being due to oblique 
lamination or false bedding, which prevails extensiv(*ly throughout tlie 
scries, and especially in the southern i)ortion of tlu^ Triehinopoly area. 
In the Verdachellam and Pondicherry areas the rocks are ill seen, 
and the dips arc less distinct, but there a])pears every probability that 
the same low dip prevails in the Pondicherry or Valudayur area; the 
direction is, however, south-east rather than east. 

The cretaceous scries in Southern India is divided into three grouj)s, 
named in descending order Arialur, Trichino])oly, and Utatur. The follow- 
ing table taken from the Pala?ontologia Indica^^' exhilats Dr. Sloliczka^s 

‘ Sov. VIll, liilroduclioii, p. ii. In tbr tliorc aro several slij^lit error.s or iTii,s- 

]>vin<s in tlie names, jiml it is probable fliat tbe proof was not corrected by Dr. 

Stoliczka. 
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liual views as to the representation by these groups of the European 
eretae(?ous sub-divisions : 


A R I A L u 11 
Guuur. 


TR1(!111N()1*0- 
LY GROIJI 


South India. 


England 


Z<»n«‘ <»f Aauiilus danicus and | Upper chalk 
oolacodonsis. Os- j 
irt'a perlinaf Uy and O. unyu- i 
latOy (irpphtta vesicularisy 
Inocerainns cripsH, Crania 
iynahfrpi^tisis. 


I 


France. 


Serioiiiun 


Zone of Ammonites peramplus, ; Lower chalk ; Turoiiian 


/ Zone oi Ammonites peramplusy 
<01*0- ) Pholadomifa caudatay Alodi- 

lOlJi*. 1 oJa typicUy Ostrea diluvianay 

L lihynconella compressa. 


IT T A II 11 
GROUP. 


Zone of Ammon Hi s rostt'ntus 
und roiomafpoisis, Jnocera- 
miis tithialiiSy A'j’oyi/ra suhor- 
liicitla/if {Gn/p/ia;a columba), 
mid Terebralula depressa* 


Chalk marl 
and ij])per 
greensand. 


CenoTnuniati 
or 'J'ourtia. 


German;. 


Ober Quader. 


I M ittel Qua- 
dcr. 


U liter Quador, 
Unterer Qna- 
dersandstein, 
and Unterer 
I*lilner. 


Utatur group. — The Utatiir grotip derives its name from a large 
village 20 miles nortli-iiorili-east of Triehinopoly. The beds composing 
the group are chiefly argillaceous ; fine silts, calcareous shales, and sandy 
clays, frecpietitly concretionary, and more or less tinted with ocliraceous 
matter, prevail throughout the group, and in the southern portion of the 
area constitute almost the entire bulk of the deposit. North of the 
villages of Garudamangalam and Kauray, both in the neighbourhood of 
Ufiitur, limestone bands become intercalated in the lower or western 
part of the group, and sands, grits, and conglomerates in the upper or 
eastern part, these changes in mineral character being accompanied by a 
great enrichment of the fauna in the first case and an impoverishment 
in the other. Conglomerates are of very rare occurrence in the lower 
beds. Gypsum occurs in most of the argillaceous strata, and is to a 
certain extent characteristic of the sub-division. The dips are often 
irregular, and apparently due to the original deposition of the beds on 
shelving banks. This irregularity of dip renders it impossible to form 
any trustworthy estimate of the thickness attained by the group as a 
whole ; it may, however, be roughly estimated as probably not less than 
1,000 feet. 

At the base of the Utatur group, there are, in several places, large 
masses of coral reef limestone, resting sometimes on the plant beds (upper 
GondwaiuO , hut more frequently on the gneiss, and occasionally on the 
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lowest beds of the Utatiir group itself. The rock is a nearly pure pale- 
coloured litnestone, compact and homogeneous, but often with a flaggy 
structure, and frequently irregularly banded with white streaks, which, on 
weathered surfaces, exliibit the corals of which they are composed. The 
mass of the rock also sometimes abounds in corals, but more frequently 
no organic structure can be traced. In lithological character this rock 
precisely resembles the coral reef limestone of the present day, as de- 
scribed by Darwin, Dana, Jukes, and other observers. 

The usual position of this limestone is at the base of the Utatiir 
group, resting upon older rocks. The coral reefs appear to have been 
frequently exposed to denudation during the deposition of the later 
Utatiir beds, amongst which, in places, calcareous bands are found, ap- 
parently derived from the waste of the reefs. The coral limestone now 
remains in the form of small isolated patches, scattered along the 
western and southern margins of tlie cretaceous T)eds. In one locality, 
however, close to the village of Cullygoody, on the southern boundary 
of the cretaceous area, and 20 miles north-east of ^JViehinoj)oly, by far 
the largcjst outero|) of the limestone in the area occurs at the base of 
the Triehinopoly group. This outcrop is of considerable breadth, and 
extends, with one or Iavo breaks, for about (> miles. From an examina- 
tion of all tln^ cireumslanees, however, it has been satisfactorily ascer- 
tained tliat this outcrop also belongs tc the Utatnr group, and that the 
lVi(*hinopo1y group rests uneonforraably upon it. 

The coral reefs appear to have been scattered over the sea bottom in 
shallow water, and jirobably along the coast, at the commencement of 
the period during which the cretaceous deposits of Southern India were 
formed. The remaining beds of the Utatur gi'oup were probably 
deposited in water of moderate dej>th, and some of them appear to 
have aceunmlated on submarine banks Ibrmed possibly by tidal channels, 
lienee the false bedding so jirevalent in the rocks. The coarser con- 
stituents of the rocks to the northward ap])ear to indicate that the 
current which brought the sediment flowed from that direction, and the 
occurrence of littoral forms of mollusea in greater abundanee throughout 
the northern parts of the area may be* aeeouiited for in the same manner. 
The beds in the southern portion of the Utatur area a|)pear to have been 
formed of fine silt dej)osited in a bay where the force of the current was 
less than to the northward, and the fossils which occur are mostly the 
remains of pelagic animals, such as Belemmles, or a few AmmoniieSy 
chiefly of the Orutati group, or else peculiar forms of Vermeiidm {Tubvr^ 
lostium ducoulemn and T, callo^uni), which probably lived in the mud. 
The AmmofiileJt and NauiiUy which art^ numerous to the northward, are 
scarce in the southern portion of the area. Cyeadeaccous (exogenous) 
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fossil wood^ sometimes bored by Teredo and other T/ioladldte, abounds 
in eertiiiii parts of the g'roiip. On the whole, there appears every reason 
to believe that the IJtatur beds were formed in the neig’hbourhood of a 
eoast line. 

Distribution. — The distribution of the Utatur beds in the Trichin - 
oj)oly district is very simple. They form the western portion of the 
cretaceous area throughout : their outcrop being* in general from 8 
to 5 miles broad, except to the northward, where it diminishes in con- 
sccpicnce of the beds being overlapped by those of the next group, 
till, in the northern' portion of the tract at the village of Olapaudy, 
the breadth of the Utatur outcrop does not exceed half a mile. At 
the extreme northern point of the area, both the Utatur and Tri- 
chinopoly groups are comidetcly overlapped by the iij)permost sub- 
division. 

The Utatur beds are not rej)rcscnted in tlic Verdachcllam area, but 
they rc.appcar, as already mentioned, near Pondicherry. Hcrq the beds 
formerly classed as the Valudayur group, and considered neocomian by 
Forbes, but which were sliewn by Stoliezka to contain several species of 
fossils common to the Utatur group, consist chiefly, like the strata near 
Utatur, of argillaceous beds, sandy shales and sands, with occasional 
bands of limestone and calcareous concretionary nodules. Amongst 
the lowest beds seen conglomerates occasionally occur; but the most 
characteristic band is composed of dark-grey cora])act limestone in 
large nodules, sometimes highly fossiliferous ; BacnlUes vayina (PI. XIII, 
iig. 4) being the commonest fossil. 

The area occupied l)y the Utatur or Yaludayur bcnls near Pondicherry 
extends from Valudayur for about 9 miles to the north-east and is 
about 4 miles broad. The beds arc not seen to rest upon any older 
formation ; north and south the countiy is covered with alluvium ; to the 
eastward the Utatur beds disappear beneath the Arialiir group, and to 
the westward beneath the Cuddalore sandstones of Trivicary. The beds 
to the westward api)ear to be the lowest, and there is a dij) to the east- 
ward. 

PalSBOntology. — The fauna of the ITtatur grouj) is very rich, no less 
than 297 species of Invertebrata having been described from it. It has 
yielded an es]H?cially large number of Cephalopoda, 109 species, of whi(ih 
*95 have not been met with in the Trichinopoly or Arialur group. Of 
those 109 species 27 are known to occur in Europe or elsewhere 
o\it of India, and although the majority arc distinctly and charac- 
tcristically middle cretaceous forms, 3 are, in Europe, neocomian 
sj>ecies, r/r., Navfilns tieocontiensiit, Ammonites relfedcP, and A. ronyanus , 
whilst no less than 9 are found in the gault., several of the latter 
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ranging, however, into the upper greensand (cenomanian) . Amongst 
the forms which are not European, the most remarkable are 3 species 
belonging to the section of Ammonites known as Globosi, which, 
amongst European rocks, are especially characteristic of the triassic 
period. A very large proportion of the Cephalopoda were collected in 
the neighbourhood of two villages. Odium and Maravattiir, on the 
road from Perambalilr to Arialdr, and about 12 miles north-cast of 
Utatlir. 

The Gasteropoda comprise, on the other hand, only 43 species, a 
number far inferior to that found in each of the other groups; the 
majority are littoral forms. The Lamellibranchiala [Felecj/poda) are 
79 in number; the Brachiopoda Echinodermata 10, and corals 42, 
with one species of s})onge and one annelid. The forms found also 
in other countries belong almost without exception to the upper 
greensand (cenomanian) or higher groups, thus presenting a remarkable 
difEerence from the Cephalopoda, in which gault forms are so largely 
represented. Tlie only fossils, besides the Mollusca, which are of rnucli 
importance, are the corals, which, from the prevalence of reefs at the 
base of the group, are superbly represented, no less than 42 si'/ecics being 
known to occur, belonging to 23 genera, tnz,, Canjophjllia, Vlatt/cif^ 
athus, Trochosmilia, Lophosmilia, Epismilia, PsamjnosHiilia, Stf/lhia, 
Thecosmilia, Holoca:nia, Astroemnia, Myceiophyllia^ Stelloriay Ilellastrcea, 
Vlacasircea, Isastrcea, Latimmandra, Thamnastrma, Dimorphastreea, Como-^ 
seris, Thecoseris, Eupsammia, Coscinaraa, and Heliopora, 

The following is a list of all the most common and important species 
of Invertebrata found in the Utatur group, those forms which are 
especially abundant and characteristic being marked by an asterisk, thus*. 
Some species of comparatively rare occurrence in India are included, 
because they arc well-known European forms, and therefore of import- 
ance to shew the relations of the group. Some others are remarkable, 
as shewing the presence of genera not found elsewhere in cretaceous 
rocks. All kinds found also in Euroj^e or in other continents besides 
Asia are marked e, and the name of the formation or formations in which 
they are found is appended. 

^ All tho details of the cretaceous fauna are from the four volumes of the Salmon to- 
logia Indica*’ by Dr. Stoliezka. It was the author's intention after completing the work to 
have gone over the cretaceous country iu Southern India, which he had never visited ; and 
had he lived to examine the beds, much that is now obscure would doubtless have been 
cleared up, and the position of all the fossils accurately determined. So far ns has been 
possible, all fossils of doubtful origin are omitted in the lists given. Amongst such 
large collections as those from Southern India, it is almost im{)068ible to avoid some 
errors of locality if the collector is not the describer. 
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CEPHALOPODA. 


Belemnitid-e — 

* Belemnites fibula, 
a * B. scmicanalimlatuSi aptiati to 
lower chalk. 

2?. seclusus. 

Nautilid^ — 

e Nautilus neocomiensis, neocoinian. 

N. kuxleifanus, 

N. ootatoorensis. 
c * N psendo-elegans, neocomian. 
Ammonitid.e — 

e* Ammonites rostratus (A. inflatus^ 
Sow.), middle cretaceous. 

A. sitia. 

e* A. rotomagensis, PI. XIII, lig. 1, 
middle (rreliieeouH. 

c A, naviculans, cciiomaiiiau ; lower 
chalk. 

e* A, mautelli^ gault ; Cenomanian. 

A. uidnalis, 

e A. dispar ^ cenoinanian. 

A, garuda (A. iudra). 
c A. suhalpinus, ^ault. 
e A, velleda, neocomian ; middle creta- 
ceou.*i. 

c A. roif i/anus j neocomian. 

A. di'plitjU aides. 

A, rvdra, 

A. xctra. 


A. telinga. 

A, yama, 

A. durga, 

e* A, fhnotliianus, gaiilt ; gres 
vert. 

e A . latidorsatiis, aptian ; gault ; gres 
vert. 

A. madraspatamis, 

A . cala, 

A. sarya. 

A. Jeayei, 

A. pcfpiUafus, 

Scaphiies similaris, Stol. {8. ipqualis. 
Sow. apud Stoliezka, olim.). 

€ 8. ohliquus, middle cretiiceous. 
e Anisoceras armatum^ middle creta- 
ceous, 

A, rngaium, 

A. indicum, 

e Turrilites hergeri^ gault. 
e T. gressleyi, gault. 
c T, tubcrmlatus, gault. 
e T, costa tusy PI. XIII, fig. 3, gault to 
lower chalk. 

Samites prohlematicus, 

Hamulin a su h I avis, 
e Ptychoceras gaultinumy gault. 

* Barulites vagina, PI. XI II, fig. 4. 
e B. gaudini, gault. 


GASTEROPODA. 


A LATA — 

e At aria parhinsoni, gaull ; ceuo- 
maiiiau. 

VoLrTIDiE — 

Ficulopsis pon dirherriensis. 
PVBAMIDELLIDJE — 

€ Ncrinna incavata, turonian. 
Tukbitelltt)J3 — 
e Turritella nerht(Pa, senonian. 
e T. nodosa, cenoinanian, 

Veumetitle — 

* Tuhnlostium discoideitm, 

* T. vultosiim, 

LlTTORlNlT>iE — 

Littoriua attenuuta. 


Nattcidj!; — 

* Tylostoma ootatoorense. 
Kuspira spissata. 

TlIOCHlDiE— 

Scl'phitiula annularis. 

Pleurotomaiiiid;e — 

JPletirotomaria glahella, 
Leptomaria indica. 

ACTjEONIDiE — 

Aciceonina columnaris, 
Trocactceon cylindraceus. 

€ Avellana elongata, cenomanian. 

Dentaliid^— 

Antalc glahratum. 
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LAMELLIBRANCHIATA. 


PnOLADTD^— 

Teredo partita, and two other species. 
Martesia tun dens. 

Parapholas mersa. 

G ASTBOCnjENIDiE — 

Rocellaria guttula, 

MyTi).® — 

Corhula minima, 

Anatinidje — 

Corimya pertusa. 

Saxioaviixe— 

Saxicam tenella. 

CARDIIHiE — 

Protovardium at In m. 

Fi 'Of/ It m p roc nrn ns, 

LiioiNTnjii — 

Luciiia fallax. 

NrcirLANiD.E— 

Nitculana socialis. 

AuciDyK — 

Trigomarca ganiana. 


Avicttlid;e — 

Amelia parva. 

Inoceramus geinitzian us, 
e I. lahiatus, middle cretaceous. 
Radultdx-: — 

Radula (Limatula) persimilis. 
PECTTNIOjE — 

Peeten ve^'dach el lensis. 

P. (Sgucyclonemo) ohovatus, 
e Vola Items y ceuomaniaii. 

SPONDYL1D.H — 

PUcatula sessilis. 

Spondglus suhcosl idatns. 

OsTR.EID.K — 

€ Fxogyra haUotoldeay middle creta- 
ceous. 

e E. costata. upper cretaceous. 
e E. snhorhivulata {Onj/fhaa coliimhaj 
auct.), middle cretaceous. 
c E. roncflieulato, middle mdaccous. 
e Gn/phrea vesieitlosOy ditto. 
e Ost rat {Alert njonia) diluriana, ditto. 
e O. (A.) cariuata. ditto. 


BRACII lOPODA. 

€ Terehrafnla depressa, ceiiomaiiiaii e Terehrotiila e?>c.s77, ceiiomaivian ; tnro- 
(? and iieocoiiiiiin). I nian. 

EUIIINODERMATA. 

Hemiaster hurqiudis. • Cussidtdns pht^tn tux, 

Cass id td us e mgs. ■ r Cidaris hirudo, rrixamixmAii. 

ANTIIOZOA. 

Isastraa expa7tsa, 

1. siva. 

I. ryathifia. 

Th a m nastrea k i erog I gp hirer. 
Eupsatmniit varians. 

SPONGIOZOA. 

e Siphonia pgrifovmis, Cenomanian. 

Trichinopoly group.— The Trichinopoly or middle group of the 
Southern Indian cretaceous scries derives its name from the district of 
Trichinopoly, to which it is, so far as present exploration extends, 
entirely restricted. To the south it (fonsists ehielly of sands and clays. 


c Trochnsmilia tuba, turonian. 
Stglina multislella. 
Holoctruia ravnqsa. 

* Asfroctrnia retifera. 

A. reussiana. 
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very irregularly bedded, with a few bands of limestone and somfe con- 
glomerates, and it difPers lithologieally only in one important respect, 
wliioh will be described presently, from the Utatur group. North of 
the iieiglibourhood of Alandanapuram and Garudamangalam. east of 
Utatur, regular bands of shell-limestones become intercalated in the lower 
beds of the deposit, and to the northward the whole group is composed 
of regularly stratified alternations of sand, sandy clays, and shales, with 
bands of shell -limestone, calcareous grit and conglomerate. 

Tlic peculiarity just mentioned by which both the Arialiir and 
Ti ichinopoly beds in the southern part of the cretaceous area arc dis- 
tinguished from the Utatur consists in the occurrence of granite pebbles 
in considerable quantity in the gravels and conglomerates of the two 
former, whilst none are found in the lower sub-division. In the Utatur 
grouj) the materials of the few conglomeratic or gravelly beds which 
occur are derived cither from the gneiss or from the coral reef limestone, 
whilst in the two upper groups conglomerates are more frequently met 
with, and loose masses of unstratified gravel and beds of rolled j)cbbles, 
almost entirely composed of granitic materials, and resembling the 
shingle of a sea-beach, are of common occurrence. The source of the 
granite pebbles was evidently the broad belt of granitic rocks which 
forms the southern boundary of the cretaceous area, and divides it from 
the alluvium of the Cauvery throughout the greater portion of its extent; 
and the necessary inference is, that this band of rock was in all probabi- 
liiy beneath the sea during the deposition of the Utatur beds, and that it 
was el(‘Yaied above the water in the interval between the Utatur and 
Trichiiiojioly })eriods. 

The Trichinopoly beds are, even more characteristically than the 
Utaiurs, the littoral deposits of a shallow sea. This is proved, not only 
by the frequent occurrence of coarse sediment and the great irregularity 
of the dej)osits in part of the area, but by the abundance of fossil wood, 
almost exclusively exogenous, and apparently Cycadcaceous. Trunks of 
i rces arc met with of great size, iis much as 3 feet in diameter and 60 
feet in length ; much of the wood being perforated by boring mollusca. 

The shell-limestone of Garudamangalam and other places is a very 
fine hard bluish -grey translucent rock, usually abounding in beautifully 
preserved shells, both Gasteropoda and Lamellihranchiata^ which retain 
their original polish, and occasionally even the coloration of their sur- 
Taces. This rock is largely quarried for ornamental purposes, and is known 
as “ Trit'hinopoly marble it has yielded a considerable proportion of the 
Tossils found in the group. The limestone occasionally contains pebbles 
<»f granite or fragments of fossil wood, either of which is sufficient to 
dislinguish it, even w^hen it is u nfossi life rous, from the Utatur limestones. 
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The beds of the Trichinopoly group are uiiconformable to the 
Utatdrs, upon which they rest throughout the greater part of the area, 
the evidence of unconformity not being confined to overlap, but depend- 
ing chiefly upon the proof, afforded by the rocks at the southern edge 
of the area, that the Utatiir beds had been disturbed and faulted, probably 
at the period of upheaval of the granitic band already mentioned, 
before the deposition of the Trichinopoly formation. Elsewhere Iso the 
Trichinopoly beds in places rest upon a denuded surface of IJtaturs. 
There is also a great change in the fauna. In the southern portion of 
their range the Trichinopoly beds rest partly upon the coral reefs, whicdi 
have been already shewn to be some of the lowest beds of Utatiir age, 
and partly on the metamorphics, a considerable portion of the boundary 
being formed by the granitoid rock so frequently mentioned already. 

The present group, like the Utatnr, is so irregularly bedded, and the 
dips seen are so frequently those of original deposition, that no trust- 
worthy estimate of the thickness can be formed. The general inclination 
is to the eastward ; the average breadth of the outcrop is nearly the 
same as that of the Utatiir beds, and the same minimum thickness, viz., 
1,000 feet, may be assumed j the general dip of the bedding in the more 
regularly stratified portion of the group to the northward is, however, 
lower than in the underlying group, averaging about 0°. The Ixds 
thin out greatly to the northward, and arc at length completely over- 
lapped by the Arialurs. 

Distribution. — It has already been stated that the Trichinopoly 
group is confined, so far as is at present known, to the Trichinopoly 
area. Within that area it forms a second belt east of that formed by 
the Utatur group, and extending similarly from south-south-west to 
north-north-cast. The Trichinopoly outcrop is, however, broader in the 
southern half of the area, where it is about 4 miles across, than in the 
northern half, where it is in no place more than 2 miles wide. It 
thins out and disappears completely about 2 miles south of the ])la.(?e 
where the Utaturs are similarly overlapped by the Arialur beds. Along 
the southern boundary of the Utatur area, several outliers of Trichinopoly 
beds are found, resting partly on the Utaturs and partly on the gneiss, 
and occasionally overlying the faulted boundaries between the two forma- 
tions. These small outliers, one of which, south of Tripatur, forms the 
south-eastern comer of the whole area, are composed of coarse sands and 
conglomerates, usually unfossiliferous, but occasionally containing Chem- 
niizia undosa and other characteristic Trichinoj)oly fossils, and the 
materials of which they are formed are derived chiefly from the nieta- 
morphic rocks, but partly from the denudation of the Utatur beds. 
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PalSBOntology. — The fauna of the Trichinopoly group, although 
]iot quito so rich as t hat of the Utatur beds, affords a full illustration of 
the life existing at the period ; 186 species of Tnveriehraia having been 
described from these beds by Dr. Stoliozta, The Cephalopoda are com- 
paratively ])Oorly developed, only 23 species having been detected, 
and of these but 10, of which four are Euroj)ean, are in India 
peculiar to the group. All the Ceplialojwda identified belong to the two 
genera Naufilns and Ammouiies, the non-discoid Ainmonitoid genera, 
sucli as JnisoceraSj SvaphUes, T7/m7/7c^, &c., so largely represented in the 
1 tiitiir group, as well as the BelemniteSy so abundant in the lower sub- 
division, being a])i>arently wanting in the Tricliinopoly beds. The 
liofowapeuses Ammonites, so eharaeteristie of the lowest cretaceous 
sub-division in Southern India, are also wanting in the higher groups, 
with one doubtful exce])tion. A few forms, usually associated with 
older strata, still survive, however, such as Ammonites menu, belong- 
ing to the Armaii, a jurassie group. A, koluturensis of the macro- 
vephuius grouj), allit'd to such oolitic species as A, macroccphalns 
and A, hervei/i, and A, ilieobuldianus, one of the Vlanulaii allied to 
upper Jurassic forms such as A. biplenc. Most of the types found arc, 
liowever, characteristically np])er cretaceous. 

On tlic <dhcr hand. Gasteropoda, comprising 86 species, are much 
more ahuudant than in the TJtatur group ; Laniellibranchiata (66 
species) being rather less numerous. There are but 5 Brachiopoda and 
6 corals, whilst no Ech inode rmata have been recognised. The Gas- 
teropoda include several si]>honostomaie genera, rare in the older rocks, 
and not found in fhe Utatur beds; the nuinher increases greatly in the 
next higher sub-division, tliat of Arialur. The whole fauna exhibits a 
mixture of upper and middle ci-etaccous forms, and api)ears fairly to 
reprc.seiit the lower chalk of England or the turonian of continental 
geologists. 

The following list of the most important species is similar to that 
already given from the UtatlJr group, an asterisk* denoting the most 
abundant and characteristic forms, a those found in South Africa, and e 
those found in Europe or elsewhere out of Asia: — 


CEPHALOrODA. 


NArTTLlDJE — 

e'* Niiittilus elcffans, middle cretaceous. 

* JW huxlvyaniis. 

Ammonitid^ — 

t' Ammonites suhfricarlnaiiis, middle 
eveliuM'oiis ; senoniuii. 

* A. suffitla. 


€ A. guadaloupcCf middle cretaceous. 
A . kolu ill rensis. 

e A. middle cretaceous ; 

turonian ; senoniau. 

* A. plamdatus, 

e A. timotheamis^ gnult ; gres vert. 

* A. theohuldianus. 



Peninsular.] 


TBICHINOPOLY GROUP. 


279 


GASTEBOPODA. 


Alata— 

* Pufjnelhis eontorius, 

P. granuliferus. 

a P. uncatus, 

* Ajyorrhais semrifera, PI. XITL 

fig. 5. 

€ Alaria parhinsonif gault ; green- 
sand, 

e A. paplllioHacea^ turoniaii. 

CYPRiKIDJE — 

Oifprda (Lnponia) newholdu 
C. {A ricia) Jiculina, 

PliEUIlOTOMIM — 

e Pleurotoma svhfusiformis, turonian. 
CoNTDiE— 

Gosavia indiea (perhaps from Arialur 
beds). 

Scajdia atlennata. 

€* Fulf/uraria elonc/afa, turonian ; 
eeiiomaniau. 

Athhta pvrpurhformis, 

Volu i llUhes accu mulata . 

Vvluiomitra canaliculata, 
FASClOLAIilJD.I? — 

Latirus retissianus, 
a * Fascdolaria rigida. 

Murictda 3 — 

Hcmifum^ cinctus, 

* Ncptunca exaavata, 
e Tritonidea requienianaf 

cretaceous. 

a T. trichlno^ioUtensift. 
a * Pollia jiondivherrietisis, 

Trophon oldhamianum. 


PUBPUBIDJE- 

* Rapa canceUata. 

Rapana tuberculosa, 

Tbichoteopid.e— 
e Trichotropis konincki, 
senonian. 

CANOELLAETDjE — 

Karona eximia, 

Cebtthud.e — 

Cerilhium hispidulu m, 
Tubritellidje. 

Arcotia itidica. 

* TurHlella (Zaria) hrantiana, 
e T. {Torcula) affimst senonian 

L1TTOBTNID.ZE— 

Littorina inconsians^ 

X. acicularis. 

RlSSOIDiE — 

Rissoa oldhamiana. 

Keilostoma poUtum- 

fl * Chemnitzia undosa. 
a Euchi'ysalis gigantea, 

Natictm-— 

* Euspira maritv. 

e* Am puUina hulhifovmis^ turoiiiaii ; 

senonian. 

TEOCniDJK — 

€ Zrziphinns geinitzianus^ turonian. 
Actasonidas— 

Rullina alternata. 

A vUeon seminal is, 

A. (urriculatus. 

Trochacta>on cf/lindraceus, 
Dentalttm- 

Denlalium crassulam. 


middle 


LAMELLIBRANCHIATA. 


Myid.e — 

Corhula parsura. 

Poromya superha, 

Anatidj:— 

Corimya oldhamiana, 

€ Plwladomya catuUda, upper and mid- 
dle crota(!oous. 

P. radiatula. 

SAXlCAVlDjE “ 

* Panopcea orienlalis. 


SOLENIDAS — 

SiUqua lunata, 

Tellinid^e— 

Tellina ( PalteomtBra) ineonapieua. 
VENEBIRiE— 

Cyprimeria oldhamiana, 
e Friphyla hnticularis, upper creta- 
ceous. 

GLOSBID.E — 

* Vyprina forbesiaha. 
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LAMELLIBRANCHIATA— 


Cardiid^— 

Cardium (Trachycardium) income- 
turn. 

e * Protocardium Jiillanum, PI. XIII, 
fig. 7, Cenomanian to senonian. 

Protocardium pondicherriense, 

Teigonidj3 — 

e Trigonia scahra^ PL XIII, fig. 8, upper 
cretaceous. 

T- tuherctdifera. 

T- semiculta. 

ARCTDiE — 

Trigonoarca trichinopolitensis. 

Mttilidjs — 

e * Modiola typica^ turonian. 


PiNHIDJI— 

Pinna complanaia, 

P. arata. 

Aviculid^e— 

Inoceramus gdnitzianus. 
Pectinim— 

e Pecten (Camptoncctes) c^irvatus, 
upper and middle cretaceous. 
SPONDTLIDiE— 

Plicatula wulticostata, 

Spondylus calcaratus, 

08TB.®IDjE— 

e Ostrea {Alectryonia) diluvianat 
middle cretaceous. 

e O. (A.) carimia, middle cretaceous. 


BRACHIOPODA. 

e Rhyncomlla compressat upper ceno- e Terehratula hipUcata^ var. Dutem- 
manian ; turonian. pleana, middle cretaceous. 

* R. plicaliloides. 

ANTHOZOA. 

<? turonian. | e IsasircBamorchellaiixyromm, 

Arialur group. — The name of ttie highest group of the South 
Indian cretaceous series is derived from the town of Arialur, which lies 
about J34? miles north-east of Trichinopoly, and 2if miles almost due 
north from Tanjoro, and is situated nearly in the middle of the compara- 
tively large ex])anse of Arialur beds in the Trichinopoly district. The 
country occupied by the beds of this group is much covered with cotton 
soil, and sections are even rarer than in the two lower cretaceous sub- 
divisions. 

The Arialur beds are more sandy than the two lower groups, and 
more uniformly bedded, the beds being thick and homogeneous, and 
consisting principally of white unfossiliferous sands and grey argilla- 
ceous sands, with casts of small fossils. Beds of calcareous grit and 
nodular calcareous shales are found towards the base, and again in the 
upper portion of the group, and constitute two highly fossiliferous zones, 
separated by a considerable thickness of deposits, in which fossils are 
rare or wanting, although some interesting remains of a Megalosaurus 
were found in one of the beds. With the uppermost beds a band of flints 
is associ.nted. There is a marked difference between the fossils of the 
u]>jK‘r and lower zones in Trichinopoly, and it appears very probable that 
furiher examination of the rocks, now that the fossils have been com- 
pared and determined, would justify the separation of this group into 
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two— a probability which was pointed out by Mr. H. P. Blanford at the 
time of the original survey, although not shewn on the map, nor applied 
in the discrimination of the fossils, because of the doubts which re- 
mained as to the distinction of the two sub-divisions in the Pondicherry 
area, where the fossils of both upper and lower Arialur beds appear to 
occur together. Conglomerates are of rare occurrence in the Arialur 
group, though a coarse bed is found in places near the base, and, except 
close to the southern boundary, there is but little irregularity in the 
bedding. The constituents of the Arialdr beds were derived chiefly from 
the metamorphic rocks, and amongst others from the granitic band to 
the southward, but a portion of the sediment must have been furnished 
by the waste of some of the older cretaceous groups, probably the 
Utaturs. 

The above description of the lithological characters is principally 
taken from the beds near Arialur (Trichinopoly district) , but it is also 
to a great extent applicable to the rocks seen near Verdachellam and 
Pondicherry. In both localities, the Arialur deposits are chiefly repre- 
sented by sands or sandy clays, and by beds of arenaceous limestone or 
calcareous sandstone at the base of the group. The strata appear to thin 
out to the northward, and it is far from clear whether the uppermost 
fossiliferous zone extends in that direction, although some of its charac- 
teristic fossils, such as Nautilus dayiicus, occur abundantly near Pondi- 
cherry. It iius not, however, hitherto been found practicable to determine 
whether a distinct upper zone exists near Pondicherry or whether repre- 
sentatives of the upper fauna occur in beds of lower horizon than those 
in which the same species are found near Arialiir. 

There is consequently some obscurity concerning the relations of the 
beds belonging to the Arialur group amongst themselves, and this 
difficulty is complicated by the circumstance that there is in many places 
an apparent passage from the Trichinopoly group into the Arialur beds ; 
the rocks being similar in mineral character near the junction, and the 
fossils being chiefly forms which appear to range from one group into the 
other. It is highly probable that further examination of the ground, 
which, as has been already noticed, is so much concealed by superficial 
accumulations that the different groups can frequently only be traced by 
their fossils, would shew that either the number of groups or of palaeon- 
tological zones must be increased, or else that, in some cases, fossils, 
supposed to have been procured from the Trichinopoly group, have really 
been derived from the Arialrtr, and vice versa. 

Distribution and relations to lower groups,— The area occu- 
pied by the Arialur beds in the eastern portion of the Trichinopoly tract 
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amounts to about 200 square miles, or more than that covered by both 
the other sub-divisions together ; the outcrop where broadest near A.rvd\ur 
is about 16 miles wide, and extends for 26 miles from north to 
south. 

The Ai’ialur beds also occupy the greater portion of a tract 16 miles 
long by 5 miles broad near Verdachellam, and another about 12 miles long 
from south-west to north-east, by 2 miles broad, west of Pondi- 
cherry, whilst a very small exposure of them occurs close to the coast 
10 miles north of Pondicherry, and another still smaller 3 miles farther 
north. 

The lowest fossil iferous zone is found resting upon the Trichinopoly beds 
throughout the western portion of the Arialur area in the Trichinopoly dis- 
trict, and the same zone appears to be also represented in the Verdachellam 
and Pondicherry exposures. The great bulk of the outcrop in all three 
t racts appears to consist; of the thick sands, with but few dctcrminalde 
fossils, forming the middle portion of the formation, whilst the u})j>cr 
fos.siliferous beds arc only seen north of Arialur, near the villages of 
Saiuthoray, Ninnyur, and other places farther norths in the long strip 
of cretaceous rocks forming the north-eastern extremity of the Triehino- 
])oly area, between the Cuddalore sandstones to the east and the alluvium 
of the Yellaur valley to the w^est, and extending as far as the Vellaur river 
about a mile north of Aiilathor. 

Although the thickness of the Arialur group can be estimated 
^N’ith a nearer approach to probability than in the case of the tw^o lower 
cretaceous formations, the estimate is still far from accurate. The dip 
of the beds is very low, rarely exceeding 2° to 3®, the general inclination 
being north-east, and the wdiole of the beds in all probability do not 
exceed 1,000 feet in Trichinopoly. Near Verdachellam they appear 
to be very thin, and in the neighbourhood of Pondicherry they are too 
obscurely ex|x)sed for any estimate of their thickness to be attemj^ted. 
There is an apparent diminution of thickness to the northward as in the 
other groups, but this attenuation appears to be greatest near Verda- 
chellam, and takes place less rapidly farther north, even if the beds are 
not thicker in that direction. 

The Arialur beds, as has been already stated, frequently appear to 
j)ass into the Trichinopoly group at their base. They, however, overlap 
the lower groups both to the north and south, and there is, in pla(!es, 
an appearance of unconformity where they rest upon the Trichinopoly 
beds, nor is it easy to understand the very rapid diminution in the 
thickness of the latter to the northward without supposing that they 
had been partially denuded in pre- Arialur times. 



'llu* Arialur beds appear to have been cliietly (]e]>osited in a tranquil 
sea ol: small depth, altboug’h the de|K)sits arc Jess chanictevistieulJy 
littoral than those of the Triehinopoly ^roiij), and tlie evideiK'C of 
tlio neig'hlxmrhood of land afiorded by the occurrence of fossil wood 
is less abundant. 

PalSBOntology. — The invertebrate fauna of the Arialur group 
exceeds in richness oven that of the Utatur beds, no less than 305 speedes 
having* been detected in the uppermost sub-division of the cretaceous roclcs 
of Southern India. Tlie Cephalopoda comprise 30 species, Gafiteropoda 
138, LamellihrancJnaia 117, Brachiopoda 12, Bryozoa 23, Echinoderma/a 
20, Anfhozoa \ {), Foi'ainin fera 1, and 1 ernies 2. It is highly probable that 
this large number may be due partly to the circumstance that the Arialur 
deposits coiTi2)risc two groups differing somewhat in age. The lower 
fossil iferous beds, from which the bulk of the fossils have been procured, 
correspond very fairly with the Seiionian beds of France and the U])jier 
chalk with flints of England. From this lioiizon all the Cephalopoda 
found in tlie formation have been derived, with the exception of Natifilns 
damciiSi which was only observed in the uj>pcr beds of Ninnyur, &c., in 
tlie Triehinopoly area, although some specimens were obtained, aj)parently 
from a lower horizon, near Pondicherry. The fauna of these u])per beds 
will be noticed separately the following remarks apply to the remainder 
of the group. 

In the Arialur beds, as in the lower sub-divisions, there are some 
forms of Cephalopoda which are in Europe characteristic of older beds. 
These comprise two gault species of Nauiiltis, N, houchardianua and 
A. vlemeniinus, Atnuioniles mean, found also in the lower grou}>s, and 
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belonging to the Jurassic section of armati, "A. velledfB, a lower and 
middle cretaceous form in Europe, two macrocepJialiy deccanensis, 
and A, arrialoorensisy and one of the Planulatiy A. theobaldianus. In 
the other classes of Mollusca, very few older forms occur, and the 
great majority of the species common to Europe arc found in the upper 
cretaceous beds of England, France, and Germany. 

The most striking peculiarity of the Ai'ialur fauna is the great 
abundance of Gasteropoda^ and especially of the carnivorous prosobranchi- 
ate forms, which, as is well known, appear to replace in tertiary and 
recent seas the Cephalopoda of the older periods. Several genera not 
previously known from cretaceous beds have been detected in the Arialur 
group, and the C^prmdae and Volutida are especially well represented. 
The Lamellihranchiata are also very numerous, whilst all the Brjjozoa 
and the great majority of the Echinodermata hitherto found in the 
cretaceous beds of Southern India have been obtained in the highest 
sub-division. Lower forms of animals are but poorly represented. 
Amongst the Veriebratay the only important species is a Megalosaurus ^ 
of which a tooth was found in the middle beds of the deposit, together 

f a number of bones which, however, could not be extracted in a 
ently perfect state for determination. The tooth closely resembles 
)f M. bucklandiy found in the Stonesfield slate and Portland oolites 
igland, and the occurrence of this genus in the upper cretaceous 
of India is of peculiar interest, because in Europe it only ranges 
the lias to the wealden. In this instance, as in several others, the 
land fauna apiicars to have differed more from that which inhabited 
distant parts of the earth than the marine fauna did. 

The following list of the most important fossils is similar lo those of 
the Utatitr and Trichinopoly groups, and the distinctive marks are the 
same, an asterisk signifying abundance, and e that the fossil occurs also in 
Eurojxj or elsewhere beyond the limits of Asia : — 


CEPHALOPODA. 


Nautili — 

€ Eautilus houehardianuHf p^ault. 

♦ E. itpha'ricus. 

e N. rlementimis, gault. 

N. trichinopolitensis. 

Ammon iTiDAi:— 

* Ammonites sugata. 

e* A. gar denit upper cretaceous. 


€ A, ootacodensist upper cretaceous. 
e A, vellediBt ueocomian to Ceno- 
manian. 

* A. arrialoorensis, 

* A. madrasinns^ 

A, theohaldlanus. 

ELelicoceras indicum. 

Baculites vagina. 


‘ Mem. G. S. I., Vol. IV, pp. 128, 139; Rec. G. S. I., X, p. 41. 
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GASTEROPODA. 

Alata— . Tubbitellid-b- - 


jRosiellaria palliata, 

CTPBiEIDj:— 

Cypraa cnnliffeu 
e C. kat/ei, senonian. 

Erato veraghoorensis. 

OlIVIDiE — 

JDipsacus vetustus, 

Doltid^ — 

Oniscia costellata. 

Pleubotomid^ — 

Cythara cretacea. 

VOLUTIDA-l— 

* Volutllithes septcmcostata. 
Turrimla arrialoorensis, 

FASClOLARllDiE— 

Fasciolaria carnatica. 

F. assimilis. 

MUBlCIDiK — 

e Eoptunea rliomloidalis, turonian; 
Kcuoiiiati. 

TBITONIlUiE— 

Hindda eximia, 

Tr ito ilium grain dim. 

La gen a secans. 

BUCClNTDiE— 

Naasa arrialoorcnds. 

PlJBPUBlD^. — 

Tudida eximia. 

Cancellabud^: — 

Canvellaria (Eudia) hrevijiUeaia, 
and 3 oilier species of Caiwdlaria. 
OEBlTHlIDAi — 

€ Ccrithium inauguraium, senonian. 

* C. arcoiense. 
c C. Irlinonile^ 

C. scalaroidenm. 

C. (Sandhergia) anieccdens. 


Turritella (Torcula) pondicherrien^ 
sis. 

e T. (Zaria) multuttriata, turonian. 
SCALID^ — 

e Scala subturhinata, senonian. 
VEHMETlDiE — 

e * Burtenella concava^ chalk. 
SoLABIIDJE— 

Solarium harapaudiense. 

S. vylapaudiensc. 

LlTTOBlNlDJE — 

Zitiorma (^assitesta. 

Rirsoidje — 

e EUsoina aeuminaia, senonian. 
Keilostoma mhulatum. 

Naticid 2 E — 

Euspira pagoda. 

Velutinim — 

Velutina orientalis. 

TErTUBIDJE— 

JIdcion corrugatum. 

Nebitidje — 

NerUina {Vdates) dccipiens. 

Kerita divaricata. 

UMUONIlUiE — 

Teinostoma cretaccum. 

TBOCniDJE— 

Tvctm tamuUcus. 

€ Ziziphinus gdnitzuinus^ turonian. 
e * Solariella radiatula, senonian. 

PLEUROTOMAKlIDiE— 

* Leptomaria indica. 

ACTASONTDiE — 

** Avdlana serohivulata, PI. XIII, 
f. 6. 


LAMELLIBRANCHIATA. 


Telltnidb— 

Tellina scitulina. 

Veneriuje— 

Cytherca lassula. 

GLOSSlDiE — 

Vcniella (Vemlicardia) ohlruncata. 
Cardiidas— 

Cardium (Trachycardium) exulans. 


HlPPUBITTDAi: — 

Eadiolites mutahilis. 

Crassatellidas — 

e Crassaiella macrodontay upper cre- 
taceous. 

Trig ONI iDiE — 

r Trigonia scabra, upper cretaceous, 

T, orientalis. 
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LAMELLIBRANCHIATA— 


NuCrLTD.iK — 

T^iti'tda crassicula, 

AliClDJE — 

Airhicra svhplanata. 

* Marrodon japdinim. 

* Triffoiioarca hrahminica, 

T. (fnldrina. 

Mvttlid.t-: — 

Moduda radio tula, 

M. amicrtans. 

AvTCt’LTDJl^ — 

AvirtiJa (Meleaqrlna) vifida. 
e * lifoceramns cripsii, ii))])or c retaceous. 
I. simpleijc. 

Melina ralida. 

Radtii.iu.t-: — 

c liadula {Cicnoides) ieria, uj)j)er crc- 

tsiCJCOUS. 

a, (Avesla) ohliqitisiriafa. 


pKCTINIDjR— 

Vevien raduloldes. 

e P. {Camplonceles) curvatus, upper 
and middle cretaceous. 
e Amvsinm memhranacenm^ upper and 
middle cretaceous. 

Spokdtlidjs — 

* Pliealiila instahilis. 

e* PxoQijra ostracina, upper crela- 
e.eous. 

e* Grtjplicca vesicularis^ upi)er creta- 
(‘eous. 

e* Osirea {Alectryonia) pectinata^ upper 
crcdaeeous. 

e* O. {A.) iinynlata, upper cretaceous. 
e O. acutiroiitrky up])(?r cretaceous. 


e Crnma iffnahcryenis, seiioniaii 
dauian. 

i? hyneon clla pli ea li lo i dcfi . 

* Tcrehratula stihdcpresm. 


BHACIIIOPODA. 

e T, lipUcaia, conomanian and turo- 
nian. 


e T. siibrotnndaf turonian ; scuouian. 


BIIYOZOA 

Cel h para m issilis . 

Plucftpora ohieeta . 

* Pseharinella discors. 

* Ltimdiles armulata. 


{Ciliojyoda). 

e Prohoscina radiolitortim^ iurouiaii, 
e P. anyusiataf ceiiomauiau, 
e E)ilalophora Uveal scnoniau. 


ITemiaater tnhcrosux, 
JL indicus. 

11. erifitatns. 

* Epiader voldlis. 

* Stiymatopyyus elatus, 
Cassiduhis erassus. 


ECIIINODERMATA. 

Nttrleolitcs jmllalus. 
e Galcriies coiif. alhoyalerus {Evhino- 
vomis conicus), senoiiian. 
e MaraupUcs milleriy seuonian ; upper 
clialk. 


ANTllOZOA. 

CyclolUcs facata. 1 * C. filamcniosa. 

VERMES. 

c /SfJ7)u/fir //7//c>»*w7.v, Cenomanian ; turo- 1 e S. couf. gordialist upper creta* 
niau ; senouiau. I ceous. 
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Uppermost Arialur beds of Ninnyrir.— The fauna of the up- 
permost Arialur beds found at Ninnyur and other places to the north-east 
of Arialrfr, comprises very few species which are found in the lower por- 
tion of the group. Some of the fossils found most abundantly, such as 
Nautilus danicus and Orbiloides faujasiy are characteristic in Europe of 
the uppermost cretaceous deposits of Macstrict, Aix la Chapelle, and the 
Danish Island of Rugen (Danicn of D^Orbigny). No other Cephalopod 
except Nautilus dauicus occurs in the Ninnyur beds, whilst the characteris- 
tically mesozoic genera InoceranmSy liadioliteSy Trigonia^ Trigonoarca^ and 
Leptommia^ which are abundantly represented in the lower portion of 
the Arialur grouj), are entirely wanting in the uppermost fossiliferous 
zone, where the only important mesozoic genus is Ncrinma. On the other 
hand, however, no typically Tertiary forms make their appearance ex- 
cept carnivorous Gasteropoda, and these are not more numerous in pro- 
portion than in the lower zone, although some additional forms are 
represented. , 

Tlie following list of the species collected near Ninnyur is proljably 
imperfect. It is taken from the Palaiontologia Indicia, and some forms, 
the occurrence of wliich is especially mentioned by Mr. II. F. Elan ford,* 
arc omitted. Amongst these are two or three species of Ovnlum (perhaps, 
as Dr. Stoliezka pointed out, Ogprecr in a peculiar state of preservation), 
a TrochuSy and a Catopygns, It is probable that some of the speciimens 
collected were not sufficiently well preserved for specific identilication, 
or that they have been overlooked. The distinctive marks are the same 
as before, with one addition, a dagger f being prefixed to the names of 
all species found also in the lower zone of the Arialur group in the Tri- 
chinopoly area, or in one of the lower sub-divisions of the cretaceous scries 
in Southern India. 

CEniALOPODA. 


Nautili!) J13 — 

€ * Nautilus daniciis, uppermost cretaceous. 

' Mom. Q. S. I., IV, pp. 140, note, 141, That there is some roufnsion nbout the fossils 
from this locality is shewn by the circumstance that iu the ** TaluJontologia Indica,” Cretaceous 
Fauna, Vol. II, p. 221, and again p. 227, Turritella clicita and T. vf^ntricosa are said to 
occur at Ninnyur with Nerinaa hlanfordiava, whilst at p. 184, where iV. hlanfordiana 
is described, it is only said to be found iu tlic Ututur group, and no mention is made of tlie 
Ninnyur locality. At p. 221 several Cypreeidm and VolutidtB are mentioned as associated with 
Turritella elicita and Nerinma hlavfordiana, but not a single species of Cypreeidee is quoted 
from the locality, and only two species of Volutida, viz., Scapha gravtda and Lyria for- 
mosa. 

2 Pal. Ind., Cret. Faun., A'ol. II, p. 47. 
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GASTEROPODA. 


Heltcidje — 

f Helix. {Angystoma) eretacea. 

AT. (A.) arrialoorensis, 

VoLUTTDiE — 

Scapha gravida. 

* Lyria formosa. 

Buccinidje — 

PseudoUva suhcostata. 

PunruEiDiE — 

* Rapa corallina. 

Gance LLAEiiDJE — 

t Narona eximia? also found in 
the Trichinopoly group, the identifi- 
cation of tlie single Ninnyur speci- 
men somewhat doubtful. • 

PyEAMIPELLlDJE — 

t Nerinxa hlanfordiana ; also found 
in the Utatur group. 


Tubbitellidjb— 

Turriiella (Torcula) asperata, 

T» elidta, 

T, {Zaria) veniricosa, 

S 0 LABIID.E — 

Solarium arcotense. 

R1S8OID.E— 

Keilostoma substriatum. 

Naticim— 

1 * Ampullina 8ortita» 
e* Euspira Uratat turonian ; senonian. 
Mammilla edura, 

Actjeonidje — 

t Actxon {Solidula) semen ; found also 
in the Trichinopoly group. 


LAMELLIBRANCHIATA. 


G ASTEOCn.ENlBiE— 

Rocellaria sp. indci. 

TELLlNIDiE — 

Tcllina (Tellinella) arcoiensis. 
VENEKIBiE— 

Cytherca (Callista) laciniatay Stol. 

C. {C.) discoid alis, 

Cyprimeria ohesa, 

Erlphyla forhesiana. 

Oaebtibje— 

Card turn ( Cerastoderma) pilatum, 

LuCIHBIBiE — 

Corhis typica. 

C. ohlunga. 

* Lucina {Codalcia) percrassa. 
t X. faJlax; found also in the Utatur 
group. 

L. (Cyclas) Ucniolata. 


Astaetib.® — 

Card ita j a cquinoti, 

Cbasbatellibje — 

Crassatella zitteliana, 

NuculiDjE— 

♦ Eucula indtfinita ; found near Pondi- 
cherry also. 

AECIB.E — 

t Axincea altiuscula. 

Cucullxea ccquata, 

Rarhatia decora. 

Rabultb.® — 

Radula interplicosa. 

pLACUNIBiE — 

Hemiplicatula detrita. 

OSTE.EIB.E — 

e Exogyra laciniata, upper cretaceous, 
et Chyphaia vesicularis, upper creta- 
ceous. 
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BRYOZOA. 

Mtunbranipora pedaia. 

ANTHOZOA. 

Stylina parvula, ef Astroasnia decaphylla. Turonian. 

Molocisnia indica, Thamn<xstr<Ba hrevipes, 

PORAMINIPERA. 

Orhitoides faujasi^ uppermost cretaceous. 

Relations between faunas of different groups.— Besides the 
fossils characteristic of each group, there are a few species which are 
found throughout the whole series. Of these the most important are 
the following 

Nautilns huxleyanus. 

e Ammonites planulatuSf cenomAniBin ; gault. 
e Ampullina hulbiJbrmiSf turonmn; seuonian. 

Oyrodes pansus. 

e Solariella radiatulay Benonian, 
e Vola quinquecostata, upper and middle cretaceous. 

Ammonites menu, Forbes, is also supposed to be found in all three sub- 
divisions, although there is some doubt about the Utatdr beds, and a 
rare Lucina, L, {Myriea) arcotina, has also been procured from all 
the groups. Some of these fossils, although found throughout the series, 
are especially characteristic of one sub-division, as in the cases of Naiiti- 
lus huxleyanus and Solariella radiatula, A larger number of forms 
are common to two groups. The following table exhibits the number 
of each class of Invertebraia found in the different formations, and the 
proportion found also in Europe, or common to two or more groups. 
The Vertelrata are represented by 17 species of fishes and one Saurian, 
but the remains are of the most fragmentary description, consisting in 
most cases of single teeth, and it is not certain from which group some 
of the specimens were originally derived ; — 

T 



Table shewing the distribution of invertebrate fossils in the cretaceous rocks of Southern India, 
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Cephalopoda ..... 

Gasteropoda 

LamelHbrancbiata .... 

Brachiopoda 

Bryozoa 

Vermes 

Bchinodermata .... 

Anthozoa 

SpoDgiozoa 

Foraminifera 

Total 



Peninsular. ] 


roxNEXiON wmi otitkr KEoroNs. 


291 


Adding the few Vertebraia to the numbers given above, we have a 
grand total of nearly 800 species of animals from the South Indian 
cretaceous deposits. Much time w-as devoted to the collection of the 
fossils, and their exhaustive examination by Dr. Stoliczka^ has furnished 
the best evidence extant for the correlation of any Indian fossil fauna 
with that of European rocks of corresponding age. Of the whole 
Invertebrata, 16*36 per cent, consist of forms known to occur in cretaceous 
beds in Europe. Of these, the great majority are middle or upper 
cretaceous fccnomanian to senonian); but there are amongst the Cejihalopo- 
da several forms which in Europe have only been found in lower beds 
(neocomian and gault), whilst a few are representatives of European 
Jurassic forms, and three species of Ammonites belong to a triassic 
section of the genus, llie general facies of the cephalopodous fauna 
found in the lowest group, that of Utatdr, approximates to that of the 
European gault, but nearly all the species of the other classes of 
Mollusca found in the same l^eds belong to a higher horizon, 
Cenomanian (upper greensand), or even higher. 

Physical geography of South India in cretaceous times- — The 
whole of the cretaceous rocks of Southern India appear to have been formed 
in shallow water, and in the neighbourhood of a coast line ; and it is 
possible that the relative elevations of the country have undergone but 
little change since cretaceous times. 

Then, as now, there was higher ground to the westward, and the 
ancient coast line appears to have been approximately parallel to the 
present, although farther to the west. We have thus in the cre- 
taceous formation a confirmation of the evidence already afforded by 
the lower mesozoic deposits, that the Indian Peninsula is a land area of 
great antiquity. 

Connexion with cretaceous rocks in other parts of India.— 

As will be presently shewn, there is a great difference between the fauna 
of the cretaceous rocks in Southern India and that of the deposits of 
similar age on the Narbada ; but, on the other hand, many of the fossils 
of the Trichinopoly area are found in the cretaceous rocks of the 
Kh^si hills, to the north-east of Bengal, between Assam and Sylhet.* 

* In his Recount of WiQ Gasteropoda and Lamellihranchiataf Dr. Stoliezka entered at 
great length into the question of the general classification of all the genera, recent and fossil, 
belonging to the families represented in the rocks of Southern India, In the case of the 
volume devoted to the LamelUhranehiata or Felecypoda more especially, a complete list of 
all genera known, living or extinct, with the typical species in each case, was appended to 
the Introduction. 

These will he described in a separate part of this work. The Kbasi hills are about 
1,200 miles distant from Pondicherry, 
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So many species are common to the Trichinopoly and Khasi deposits, 
that it is probable that the two regions were part of the same 
marine area. The cretaceous rocks of the Khasi hills are almost 
unquestionably identical with those extending throughout the hill 
ranges south of Assam j and the same strata are probably represented in 
Arakan. 

Relations to cretaceous rocks of South Africa.— Before 
quitting the subject of the Trichinopoly cretaceous beds, it is necessary to 
notice the very remarkable resemblance between a portion of their fauna and 
the species found in certain strata in Southern Africa.' In the description 
of the Gondwana system, and again in the account of the upper Juras- 
sic beds of Cutch, the remarkable aflinities between Indian fossil plants 
and animals, and the forms found in South African beds, were repeatedly 
noticed, and there is a similar connexion between the cretaceous for- 
mations in the two regions. In some deposits found resting upon 
Karoo beds on the coast of Natal, out of 35 species of MoUusca 
and Echinodermaia collected and specifically identified, 22 are identical 
with forms found in the cretaceous beds of Southern India, the 
majority being Trichinopoly species. Amongst the South African fossils 
are Awmonites gar deni (Arialur), A, kayei (TJtatdr), Auisoceras rugaium 
(TJiatdr), Eugnellus uncaius (Trichinopoly), Fasciolaria rigida (Triebino- 
poly), Chemniizia undosa (^xiGhmo^oly) ^ Euchrysalis gigantea (Trichinopoly 
and Arialdr), Solariella radiaUila (all three groups), Avellana ampla 
(Trichinopoly), Turritella mnltistriata (Trichinopoly and Arialilr), 

{Vela) quinquecostaius (all three), and Cardium hillanum (Trichinopoly) 
or some of the commonest and most characteristic fossils of the South 
Indian cretaceous deposits. There is also some slight indication of a 
representation of the different Indian zones. 

The South African beds are clearly coast or shallow water deposits, 
like those of India, and the great similarity of forms certainly suggests 
continuity of coast line between the two regions, and thus supports the 
view that the land connexion between South Africa and India, already 
shewn to have probably existed in both the lower and upper Gondw&na 
periods, and of which important indications are afforded by the marine 
Jurassic beds, was continued into cretaceous times. It is very surprising 
to compare the middle cretaceous fauna of Southern India with that of the 
distant beds of Natal, and then with the widely differing forms found 
in beds of the same age in Central India and Southern Arabia. The 
latter will be noticed presently, 

' Griesbach, Q. J. G. S., 1871, p. 60. Some of the fouiU were described by Bailey, Q. J. 
0. S. 1865, p. 454. 
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Cretaceous fossils of Sripermatur near Madras.— Amongst the 
descriptions by Dr. Stoliczka of the cretaceous fossils from Southern 
India^ the following species of Lamellibranchiata are included from 
Sripermatur, 25 miles west-north-west of Madras, already mentioned 
as the typical locality for a group of the Upper Gondwdna series 


Ltjcinidje — 

Sphisriola, sp. iudet. 
Ungultnid.® — 

Sippaffus emilianus. 
Nuculanid®: — 

Yoldia ohtusata ? 
Arcid.® — 

Trigonoarca galdrina. 


Aviculid® — 

Pseudomonotis fallaciota, 
P. inops. 

Radulid® — 

Limea oldhamiana. 
Pectintd® — 

Pecten arcoiensis. 


Two of these, Yoldia ohimata and Trigonoarca galdrina , are also 
found in the Arialdr group of the Trichinopoly district, but the 
identification of the Sripermatur species referred to the Yoldia is slightly 
open to doubt. Trigonoarca galdrina is, however, a well-marked form, 
and it belongs to a characteristically cretaceous genus. 

The s])ceimens were collected by the late Mr. Charles Oldham before 
the country was properly examined, and there appears some slight 
doubt as to the precise beds from which they were obtained. Some of the 
specimens were from Sripermatur itself, others from Rajah's Choultry. 
The only cretaceous fossils found by Mr. Foote, who mapped the country 
in the Sripermatur neighbourhood, occurred in water-worn blocks of 
grey or greenish-grey gritty sandstone resting loosely on the surface of 
Jurassic beds near Sripermatur.^ The origin of these boulders could 
not be traced, and the fossils cannot now be found ; amongst the forms 
obtained were four or five species of Animonites^ some Beleinnifes, &c. 

Cretaceous beds of the Narbada valley or Bagh beds. — The 
marine cretaceous formations found in the western portion of the 
Narbada valley have been commonly known as " B^gh beds,'' from the 
town of Bigh, which is situated about 90 miles west by south of Indore, 
and 35 miles west-south-west of Dhar. The town is not on cretaceous 
rocks, though they are well developed in the neighbourhood. The 
occurrence of cretaceous fossils near Bagh was discovered by Colonel 
Keatinge* in 1856, but the existence of fossiliferous limestone in this 
part of the Narbada valley had been known for a long time, although the 
exact locality had not been ascertained. The circumstance that blocks 
of limestone, containing fragments of Pryozoa and other fossils, had been 
employed in building the houses of Mandu (Mandoo), a city now in 


» See Mem. 0. S. I., X, p. 61. 


= .1. A. S. B.. 1858,XXVIl. p. 116. 
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ruins, about 20 miles south of Dhar, first attracted attention, and it was 
mainly owing to an ingenious and happy suggestion of Dr. Cai-ter^s » 
that attention was attracted to the neighbourhood of Bagh, where 
limestone had been observed in 18 18 by Captain Dangerfield. 

The cretaceous rochs of the lower Narbada valley* occur chiefly 
along the edge of the Deccan traps, and intervene between the latter 
and the metamorphic rocks. West of Bagh the outcrop of the cretaceous 
beds may be traced with a few interruptions to the neighbourhood of 
Baroda. East of Bagh, they only occur in places around the inliers of 
older rocks, and in this direction they appear to pass into the unfossiliferous 
Lamcta group, which will be described in a subsequent page in connection 
with the Deccan traps. 

Mineral characters and distribution. — As a general rule, the 
Bagh beds are comi)osed of a calcareous rock above and of sandstone below, 
but the character of each portion of the formation varies. Commencing to 
the eastward, the first place where marine cretaceous beds are known to 
occur is in the neighbourhood of Barwai, on the Narbada, nearly due 
south of Indore. Here some conglomerates, more or less calcareous, and 
sandstones containing marine shells, represent the cretaceous formation, 
and in one platje are seen to be distinctly unconformable to an outlier of 
Mahadova conglomerate belonging to the upper Gondw^dna scries.® From 
the neighbourhood of Barwai the whole Narbada valley is composed 
of trap for nearly 50 miles to the westward. Lower rocks reappear 
near Mandd, betw’^een which place and Bagh the cretaceous beds are 
found, forming a narrow fringe to the traps, around several inliers of 
Bijiiwar and metamorphic rocks. The general descending section 
of the Bagh beds near Cherakhan, 22 miles east of Bagh, is the 


follow^ing : — 

Feet. 

Coralline limestone 10 to 20 

Argillaceous limestone, fossiliferous, alx>at ... 10 

Unfossiliferous nodular limestone 20 

Sandstone and conglomerate 20 


The so-called coralline limestone is the rock of which Mandii w^as 
built, and to winch reference has already been made ; it is yellow or 
red in colour (the former tint being doubtless due to some carbonate of 
iron, in the limestone exposed to the air, being converted into peroxide), 
and consists chiefly of small fragments of Bryozoa^ shells, &c. The 

’ Jour. Uom. Br. R. A. S., V, p. 238. 

- For a more complete description, see Mem. G. S. I., VI, pp. (207)-(219), (264), (294), 
(323), &c. 

* For ndditional details, see R«c. G. S. I., VllI, p. 72. 
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freshly broken surface has a somewhat granular mottled appearance, and 
the fossils are not conspicuous; they weather out on exposure. In 
many places this bed is obliquely laminated. Beneath it, is an impure 
argillaceous limestone from which all the fossils of the B4gh beds hither- 
to procured in this neighbourhood have been obtained. They are chiefly 
Echinoderms, Hemiaster being the prevalent genus. These two bands 
of limestone are only found in the neighbourhood of Cherakhan, and 
neither has hitherto been found west of Biigh. 

The nodular limestone and the sandstone are more extensively deve* 
loped. At Bagh itself from 15 to 20 feet of the limestone rest upon 80 
or 100 feet of sandstone. The limestone is nearly unfossiliferous, only 
here and there a fossil occurs in it, and the few specimens found are but 
rarely well preserved. The sandstones are fine or coarse, white and 
purple in colour, and frequently conglomeratic. Sometimes they are 
shaly or calcareous. 

West of Bdgh, the cretaceous rocks occupy a considerable area, their 
outcrop being nearly 15 miles broad, and their thickness, especially to the 
southward, must be much greater than at Bdgh. Farther to the west- 
ward, they form a fringe of varjnng width along the northern edge of 
the trap, and they also appear in several inliers within the trap boundary. 
At Alii (Alice), 30 miles west-south-west of Bugh, a section is exposed 
exhibiting 150 to 200 feet of sandstone, on which rests conglomerate, 
capped by limestone, with a few corals, echinoderms, &c. The largest ex- 
panse of the cretaceous beds to the westward is on the edge of the alluvium 
of Guzerat, near the village of Talukwara, 35 miles south-east of Baroda. 
Here they cover a tract lying just north of the Narbada river, and about 
15 miles long from north by east to south by west, by 6 or 7 miles 
broad. About 10 miles to the south-east, south of the Narbada, there is 
a large inlier, about 6 miles from north to south and 1 0 from east to 
west, entirely composed of cretaceous rocks, of which good sections are 
exposed in the Deva stream, a tributary of the Narbada. The base is 
not seen, but a thickness of at least 1,000 feet of cretaceous rocks is 
exposed, and here, as in the tract near Talukwara, the upper portion con- 
sists of dark-coloured shales, more or less calcareous, and not unfrequently 
containing oysters, whilst the lower portion is composed of coarse sand- 
stones and conglomerates. The shales in the Deva inlier are 500 feet 
thick. 

One peculiarity of the uppermost calcareous beds is the frequent 
occurrence in them of cherty or flinty masses. This character causes the 
beds closely to resemble the Lameta or infratrappean rocks, and it may 
in both cases be due to the same cause — infiltration of silica from the over- 
lying trap. 
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Physical geology . — Throughout the area of the cretaceous rocks on 
the Western Narbada there is a constant tendency to increase in thick- 
ness to the southward. To the north, the B^igh beds are represented by 
a thin band frequently not more than 10 or 15 feet thick, of coarse 
sandstone and conglomerate. To the south, as just noticed in the Deva 
valley, these strata are at least 1,000 feet thick. It is true that a great 
part of this thickness consists of sandstone, and the suggestion has 
already been made^ that this sandstone may belong to the Mahadeva 
senes, but the two facts, that no unconformity has been detected between 
the calcareous shales, which are certainly cretaceous, and the underlying 
sandstone, and that both formations increase similarly in thickness to 
the southward, are strongly in favour of referring both to the same 
age.« 

Asa rule, the cretaceous rocks near Bfegh are but little disturbed. 
More to the w^estward they have in general a low dip to the south, as 
have also the overlying traps. The cretaceous strata rest uneonform- 
ably upon old metamorphic and Bijawar beds, and the only instance in 
which they have been observed in connexion with older beds of later date 
than the transition series is that already mentioned near Barwai. The 
relations betw^een the Bagh cretaceous rocks and the Deccan traps wdll be 
described when treating of the latter series, 

Palseontology.—No large collections of fossils have been procured 
from the beds of Bagh, and of those obtained, many are ill preserved, 
and the majority have not as yet been determined. Some fragmentary 
Am7Koniie8 and Bele^nniies have been found, but the only common fossils 
besides oysters are hchinoderms, Pecten (Tola or JaniraJ quadricostafus,^ 
and a few other bivalves ; a Phynco^iella is also found. The following 
fossils wTre determined by Prof. Martin Duncan’ : — 


Limellibbajjchiata — 

Naithea alpina.^ 

Pecten (Vola) quadricostatus. 
Bbachiopoda — 

Mhyncon el la depressa . 
Bryozoa — 

Escharina^ sp. 

Eschara, sp. 


Vbkmes — 

Vincularia, sp. 

Seipula plexus, 
EcniNODEEMATA — 

Hemiaster cenomaniensU, 
H, similu. 

Echinohrissus similis, 

E. suhquadratus. 

CoBALLlA — 

Thamnastrcea decipiens. 


^ Ante, pBge 221. 

^ The Mahadeva beds, it should be remembered, are supposed to be of Jurassic age. 

® This is said by Dr. Stoliezka to be probably ideuticiil with Tecten ( Volci) quinque- 
eosfatu*, Pjil. lud., Ser. VI, Cret. Faun., III.p. 488. 

’ Q. J, G. S., 1865. XXI, pp. 353 and 354. 

* According to Dr. Stoliezka, Pal. lud., Ser. VI, Cret. Faun., III. pp. 426, 438, Neithea 
is identical with Vela and Janira, and N, alpina but doubtfully distinct from Vola (Pecten) 
quinque-costata. 
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Some of the species have a wide range in time amongst the cretaceous 
rocks of Europe, but all occur in the upper greensand (cenomanian), many 
being characteristic forms, and the cretaceous rocks of the Narbada valley 
must in consequence closely correspond to the Utatur group of Southern 
India. It is curious to note that, so far as is known, only one species, 
Tecten ( Tola) quinquecostaitis, is common to both, and even in this case the 
identification depends upon a question as to which palaeontologists are 
not thoroughly agreed. The species moreover is one of wide range 
both in time and space. Ilemiaster and 11, cenomanrensis are 

remotely allied to H, rana (Arialur) and B, expajmis (Utatdr) of the 
Southern Indian cretaceous deposits, and Thamyiastr^a decipiens is re- 
placed in the Utatur beds by a closely allied form, T, hieroglppUca, 
Stol. 

Relations to cretaceous fauna of Southern Arabia —In strange 
contrast with the wide difference between the known fauna of the Bagh 
beds and that of the Southern Indian dej) 0 .siis is the similarity between the 
fossil remains of the Narbada valley and those found in two localities, 
Has Fartak and Ras Sharwen on the south-east coast of Arabia,^ The 
collections examined from both localities are small, and were obtained in 
each case during a short visit; but although the united Arabian collections 
only comprise 13 species and the Bagh 12, three of those, t’ir., HemiaHer 
simills, Vola quadricodata, and Neithea alpiaa, are common to the two 
countries. 

The cretaceous beds of the lower Narbada valley are about 750 
miles distant from those of Southern India, and twice as far from 
the Arabian localities. Tlie marked contrast between the fossil fauna 
in the one case, and the similarity in the other, tend to suggest the pro- 
bability that a land harrier interposed in middle cretaceous times between 
Southern India with Assam and Arakan on the one side and the Western 
Narbada region with the south coast of Arabia on the other. We have 
thus another argument presented to us in favor of the Indian Peninsula 
being the portion of an ancient land area; and taking into consideration 
the marked connexion between the faunas of the South Indian and 
South African cretaceous deposits and the circumstance that both appear 
to be of littoral origin, it is probable that this land area extended to 
Africa. 

* See Prof. Martin Duncan’s paper in the Quart. Jour. Qeol. Soc. already quoted ; 1865, 
pp. 352 to 354, &c. The Arabian localities were originally described and the fossils collected 
by Dr. Carter (Jour, Bom. Br, R. A. S., Vol. IV, p. 71, and geological papers on 
W'esteru India, pp. 603, &c.). 
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At the same time the coarseness of the Narbada cretaceous rocks 
shews that they must have been deposited in the neighbourhood of a 
coast, and their rapid increase in thickness to the southward renders it 
likely that land existed to the north. On the whole, it is most pro- 
bable that they were formed in a bay or inlet, open to the westward and 
closed to the eastward, in which direetion beds of similar character, but 
apparently of fresh water origin, are found occupying the same position 
at the base of the Deccan traps. 
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CHAPTER XIII. 

PENINSULAR AREA. 

DECCAN TRAP SERIES. 

Area occupied and originnl limits — Name of scries — Scenery and vegetation of trap 
area — Petrology — Volcanic ash — Minerals, original or of secondary origin — Hori- 
zontality of traps — Thickness of lava flows — Sedimentary beds associated with traps 
and classification of series — Whole thickness of series — Lamcta group — Relations 
to older formations — Distribution — Fossils — Intertrappean beds of Ndgpur, the 
Narbada valley, &c. — Fossils of the lower intertrappeans — Marine beds, associated 
with trap near Eajamiiheudri — Infratrappean — Intertrappean beds of Rdjama- 
liendri — Fossils — Upper intertrappean beds of Bombay — Fossils — Origin of the 
Deccan traps subaii rial — Relations of Deccan traps to underlying rocks — Subaerial 
origin of traps proved by occurrence of fresh-water beds — Lower traps not poured 
out in a great lake — Horizontal traps difficult to explain — Volcanic foci — Geological 
age of the Deccan traps — Probable conditions prevailing during Deccan trap epoch. 

Area occupied and original limits. — In contradistinction to the 
formations described in the last few chaiders, the great volcanic series ^ 
of India is one of the most prominent and w^idely spread of all the rock 
systems found in the Peninsula. In superficial area the Deccan traps 
are only exceeded within the limits of peninsular India south of the 
Indo-Gangetic j^lain by the metamorphic series, and although the traps 
are far inferior in thickness to the Vindliyan and Gondwana formations, 
their remarkable horizontality throughout a great part of the region 
covered by them enables them to conceal all older rocks. Some faint 
idea of the extensive area occupied by this formation may be gained 
from the fact that the railway from Bombay to Nagpur, 519 miles 
long, never leaves the volcanic rocks until it is close to the N%pdr 
station, and that the traps extend without a break from the sea-coast 

^ This scries bus been described more or less fully by numerous geological writers, 
especially Sykes (Geol. Trnus., Ser. 2, Vol. IV, p. 409), Mnleolmson {id., Vol. V., p. 537), 
Carter (Jour. Bombay Br. R. A. S., Vol. V, p. 255, &c.), and Hislop (Q. J. G. S., 1855, 
p. 356; 1860, p. 154). 

For further details and references, the following parts of the “ Memoirs of the Geological 
Survey of India” iniiy be consulted: — Vol, II, p. 217; VI, pp. (137), (219), &c. ; 
IX, pp. (68), (318); X, p. (178) ; and XII, p. (I7l) ; also Records, G, S. 1., I, p. 60; V, 
p. 115. 
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at Bombay (longitude 51/ cast to Amarkaiitak at the head of the 
Narbada (longitude about 82° east), and from near Bel gaum (latitude 



35° 35' north) to north of Goona (lati- 
tude 25” north). Even this extent, 
great as it is, by no means represents 
the whole area originally occupied by 
the formation, for outliers are found 
east of Amarkantak as far as Jumera 
Pat in Sirguja (longitude 84° east), and 
to the south-east a small outcrop occurs 
close to Eiijamahendri, whilst to the 
westward the series is well developed 
in Kattywar (Kathiawad) and Cutch 
(Kachli), and it has even been found 
rcj>rcsentcd, though by two very thin 
bands, west of Kotri in Sind (latitude 
68°). To the north and south the evi- 
dence of the original limit is imperfect; 
we have, however, proof of the exist- 
ence of this volcanic formation through- 
out nearly ten degrees of latitude and 
sixteen of longitude, whilst the area 
covered in the Peninsula of India can 
be little less than 200,000 square miles. 
It is probable that the limits mentioned 
very nearly correspond to the original 
boundari(?s of the volcanic rocks, because 
the high level laterite, which rests con- 
formably upon the uppermost traps of 
the Deccan, is found to the southward, 
eastward and northward, overlying 
rocks older than the volcanic series, and 
if, as will be shewn to be probable in a 
later chapter, this laterite was formed 
at a date immediately subsequent to the 
cessation of the igneous outbursts, it 
may be inferred that the lava flows 
never extended to the localities (such 
as Gwalior, Rewah, Bastar, &c.) in 
which the laterite is found resting 
immediately upon Vindhyan, transition, 


or metamorphic rocks. 
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Name of series. — In adopting the name of Deccan * trap^^ for this 
great volcanic formation, the Geological Survey has been guided partly 
by old usage, partly by the circumstance that the term trap " was origin- 
ally applied to similar horizontally stratified lava flows. Some geolo- 
gists have condemned the term on account of the loose manner in which 
it has been used for a great variety of igneous rocks, but it is difficult 
to replace it, and in the present case, at all events, it is employed in a 
well defined sense. 

Scenery and vegetation of trap area. — In consequence of its 
geological structure, the volcanic region of Central and Western India is 
distinguished l)y marked peculiarities of scenery, and the characters of 
the surface are widely different from those found in other parts of the 
Indian Peninsula, Great undulating plains, divided from each other 
by flat-topped ranges of hills, occupy the greater portion of the country ; 
and the hill-sides are marked hy conspicuous terraces, which may 
often be traced for great distances, and are due to the oiitcroj) of the 
harder basaltic strata, or of those beds wliich resist best the disintegrat- 
ing influences of exposure. In some parts of the area grtiat scarps are 
found, some of those in the Sahyadri range being 4, 000 feet in height, 
all conspicuously handed with horizontal terraces. Examples of the ordi- 
nary scenery of the trap region are shewn in the accompanying woodcuts. 



Hill eompoBod of Deccan trap, near Hurngaon, north of Nimawar, "Narbada yalley. 


The vegetation of the trap area differs no less conspicuously from 
that which is found on other formations ; the distinction in the dry 

» It is scarcely necessary to state that the Deccan comprises that part of the Indian 
Peninsula which is south {dakhin) of the Yiudhyan range. 
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season bein^ so marked that, ospeoially when taken in connexion with 
the form of the surface, it enables hills and ranges of trap to be dis- 
tinguished at a distance from those composed of other rocks. The 
peculiarity consists in the prevalence of long grass aud the paucity of 
large trees,* and in the circumstance that almost all bushes and trees, 
except in the damp districts near the sea, arc deciduous. The result 
is, that the whole country, except where it is cultivated, presents during 
the cold season, from November till March, a uniform straw* coloured 
surface, with but few spots of green to break the monotony ; whilst from 
March, when the grass is burnt, until the commencement of the rains, 
in June, the black soil, black rocks, and blackened tree stems present 
a most remarkable aspect of desolation. During the rainy season, how- 
ever, the country is covered with verdure, and in many parts it is very 
beautiful, the contrast afforded by the black rocks only serving to bring 
into relief the bright green tints of the foliage. 

Petrology. — Throughout the trap area the prevailing rock is some 
form of dolerite or basalt,® but there is a large amount of variation in the 
characters presented by different beds. Some arc excessively compact, 
hal'd, and homogeneous, the crystalline structure being so minute as to 
be detected with difficulty (anamesite); others arc coarsely crystalline, and 
these frequently contain olivine in considerable quantities ; and one variety 
is porphyritic, and contains large tabular crystals of glassy felspar^ 
white or green in colour. Many of the basalts again are soft and earthy, 
evidently in most cases, and probably in all, from partial decomposition. 
The most striking peculiarity is, perhaps, the great prevalence of amyg- 
daloid, in which the nodules, chiefly containing zeolite or agate, sometimes 
form the principal part of the rock. These nodules are very often 
coated with glauconite (green earth), and the prevalence of this mineral 
is highly characteristic. Almost throughout their range, the Deccan 
traps may be recognized by the occurrence of the amygdaloidal basalts 
with green earth, or of the porphyry with crystals of glassy felspar. 

Exfoliatmg concretionary structure is common in the softer forms of 
basalt, which have undergone some amount of decomposition, but it is 

* The want of large trees is partb^ due to the wanton destruction to wiiich the forests of 
India have been exposed for ages through reckless cutting, to equally reckless clearing for 
temporary cultivation of a rude kind, and, perhaps, more than all, to the practice of annually 
burning the grass at the commencement of the hot season. 

The meaning in which these names of rocks are used will be explained in the 
glossary at the end of this work. So far as is practicable, the terms are employed in the 
sense in which they are accepted by English geologists generally. A well-known German 
school of which Professor Zirkel and Baron von Richthofen are distinguished exponents, 
and which bolds views, not admitted by English geologists, as to the limitation of different 
kinds of volcanic rocks to particular geological horizons, adopts the same terms with a 
somewhat different acceptation. 
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never seen in the hard compact beds. Frequently the hard unaltered 
spheroidal cores of concentric nodules are to be found scattered over the 
surface of the bed, from which they have weathered out, and they may 
easily be mistaken for rolled fragments. Columnar structure is less com- 
mon, though it is occasionally seen, a fine example being shewn in the 
following woodcut. In some cases this structure has been observed in 



Radiating basaltic columns j in a d>ke near Gi^ri , north-west of Mahesar, Xarbada valley. 


the compact basaltic flows ; it is frequently seen in the lowest flow, a 
very thick one, in the Narbada valley, west of Hoshangabad, and in one 
of the lower flows in Malwa, but the appearance is often confined to 
intrusive dykes, as in the example illustrated. Trachytic rocks are 
extremely rare, and have hitherto only been found in intrusive masses. 

Volcanic ash. — Beds of volcanic ash are common, so common in- 
deed in places as to form a very considerable proportion of the strata, 
and they appear to be much more prevalent towards the upper part 
of the series.^ They often differ but little in appearance from the 
basaltic lavas with which they are interstratified, but on close examination 

* This may be due to the circumstance that the upper part of the series is chiefly 
preserved in localities which were near the old volcanic foci. Ashes are found interstratified 
with the lower beds on the Narbada, west of Baroda, where remains of ancient volcanic cores 
also occur. 
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their broeciated structure can always be readily delected, and the blocks of 
scorisB which they contain generally weather out on exposed surfaces 
and remain in relief, precisely as on old volcanic cones. Magnificent 
examples are to be seen on most of the higher portions of the Sahyddri 
or Western Ghat range, and on the high peaks, formerly used as hill forts, 
around Poona ; w^cll-marked instances occur also in Bombay and Salsette.' 
Very frequently a thin bed of ash intervenes between two basaltic flows. 
Occasionally pumice is found in the ash beds, the interstices, however, 
being all filled up by the same process as that by which vesicular lava has 
been converted into amygdaloid. Here and there, throughout the traps, 
beds of red bole occur; they are usually only a foot or two thick, but occa- 
sionally more. Sometimes the bole contains scoriae ; and in this ease it fre- 
quently covers the upper surface of a basaltic flow, into which it appears 
to i>ass. In some instances the bole is so unifoj*mly stratified that it has 
the appearance of having been deposited from water.® 

In a few instances bands of very homogeneous structure and of a pale 
lilac colour, formed of an ajiparently argillaceous rock, resembling bole 
in texture, and so i:)erfectly laminated as to exactly simulate shale, have 
been found interstrati fied with the basalts. This is especially the case 
at a large hill called Powagarh, 2,000 feet high, near Baroda, and similar 
beds are said to occur in Kattywar ; they have also been noticed east of 
Surat. The occasional occurrence of glassy felspar crystals in these beds 
and the circumstance that some of the harder basalts at times weather on 
their exposed edges into a somewhat similar soft lilac rock, render it 
possible that these shaly strata result from the alteration of trap. At 
the same time it is far from improbable that some of them may be con- 
solidated volcanic mud, composed of fine lapilli washed down and deposit- 
ed by water. 

Minerals, original or of secondary origin. — Amongst the original 
mineral constituents of the doleritie lavas, but few are sufficiently 

' Amongst the best examples are the rock in which the Kanheri caves of Salsette 
are cut, some beds on the Kumatki ghat between Poona and Miihableshwiir, and a conspi- 
cuouB bed at the lower gateway of the fortress of Sinhgarh near Poona. Ash^breccias also 
occur in Bombay Island at Fhig^stafT hill and Rai hill, Pare], and in the neighbourhood of 
Sion Fort. It must not be supposed from these examples that the rock is rare. It is 
found almost throughout the trap country, hut it is much less common towards the base of 
the traps. 

^ Sir C. Lyell has shewn that hands of red clay interstratified with the lavas of Etna 
have been formed from the crust of the lower lava flow decomposed into clay and then 
baked and reddened by the heat of the overlying flow, or where volcanic sand has been 
showered down from above and washed over the older lavas by torrents and floods," Phil. 
Trans., 1858, p, 711. Similar beds appear to be characteristic of subaerial lava flows; 
Judd, Q. J. G. S.. 1874, XXX, p. 227. See also p. 365. 
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distinct for recognition ; no crystallised pyroxene has been observed except 
locally in some of the ash beds, and the only felspar which occurs in distinct 
crystals appears to be the form of orthoclase (glassy felspar) which is found 
in the porphyritic rock already mentioned. Olivine and magnetite are 
common, the former occurring as translucent yellowish grains, the latter 
in minute crystals, too small, as a rule, to be recognised by the naked eye, 
but easily detected, if abundant, by the effect of the rock upon the mag- 
netic needle. Magnetic iron sand derived from the traps is frequently 
found in the streams which traverse the rocks. With the tabular felspar 
crystals small scales of red mica are found. 

Secondary minerals of various kinds, which have been formed since the 
consolidation of the volcanic strata, are found in the greatest abundance 
in some of the flows, especially in the amygdaloulal, and in some of the 
more earthy and decomposed traps. These minerals not only form the 
nodules of the amygdaloid, but they arc found lining ciaeks and hollows, 
the finest crystals being always in geodes or cavities, some of which are 
as much as two or three feet across, and even larger hollows lined with 
crystals are said to have been found. The commonest minerals are 
quartz, either crystaline or in the form of agate, bloodstone, jasper, &c. 
and Sfiifjite, next in abundance arc Apoj)hj/llite, Henlandiie, ScolecUe 
(Poomhliie)yLamnoniteii\\A Calcile : Thomaonitey EpMlbUey Preltnife and 
Chahanile also occur, but they are rare.^ The great prevalence of Ghm- 
conite or green earth has already been noticed. 

The crystalline quartz is occasionally, though rarely, amethystine ; it 
but seldom occui's in crystals which exceed an inch in diameter, and the 
larger crystals are not often transparent. The form known as trihedral 
quartz, in which the terminal j)yraniid of each (piartz ciystal consists of 
three idancs instead of six, or in wdiich three planes arc very much more 
developed than the other three, is of common occurrcn<,*e. The agates 
occur chiefly in geodes or nodules, large and small ; many arc finely 
banded, and, after being coloured by heating, arc cut into ornaments.^ 
Jasper and heliotrope or bloodstone occur chiefly in flat jdates which 
appear to have been formed in cracks, and agate is sometimes met with 
of apparently similar origin. Stilbile is very common, though less so 
than (piartz ; one magnificent variety consists of large orange or salmon 

* Two other mineral species besides poonahlite have been described from the Deccan 
traps. One of these is Sutlopite (Haughton : Phil. Mag., 1859, Vol. XVII, p. 16) which 
appears to be calcite coloured by glauconite (green earth) and the other Syhedrite (Shepard ; 
Am. Jour. Sci., July 1865, Vol. XL, p. 110) isstilbite coloured in the same manner. 

- Most of the stones cut for ornaments are either procured from rivers or from the 
tertiary graavls derived from the denudation of the traps. 
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coluui’etl crystals, often 2 or 3 inches in length, usually compound or in 
slieaWilve aggregations, but occasionally in large Hat prisms terminated 
by a four-sided pyramid. AjjojfJfyllife is the finest of all the Deccan trap 
minerals. It generally occurs in four-sided prisms with terminal planes, 
a form which closely resembles the cubical crystals of the isometric sys- 
tem ; the double pyramid, with replacements of the secondary prismatic 
faces and terminal planes, so charactedstic of this mineral in other locali- 
ties, being chiefly typical of small crystals in the Deccan traps. Tlie 
colour of the Deccan apoj)hyllite is usually while, more rarely pink or 
green ; some crystals are perfectly trans})arent, and one of the most mag- 
nificent associations of minerals to be found anywhere is seen when, as 
uecasionally hap])ens, perfectly clear vitreous crystals of apophyllitc, of 
large size, are inserted on a mass of orange si il bite. Some apophyllitc 
crystals are as much as 3 and !• inches across. The other minenils are less 
deserving of notice, but very ])eautiful long acieular crystals of scolccite 
with ex(|uisitcly formed jyramidal terminations are of occasional occur- 
rciK'C, and fine (oystals of white heulandite are not unfreqnent. The 
glauconite is iisnally ain<»rj)hous, but oeeasionally forms an aggregate of 
erystalline scales, and a rmissive mineral wbieh, if not green earth, is 
elo8(‘ly aki\i both in a])])carance and comj)Osition, oeeasionally occupies 
small cavities corn ]>h ‘tidy. 

Horizontality of traps. — One <»f the most remarkable cliara(tcrs of 
the Deeeaii tra])s is their persistent flatness or near aj^prosieh t.o h<»rizon- 
lality throughout the greater portion of their area. Tliis is eonspieuoiis 
througliout the Saliyiidri range, over the wliole of the Bombay Deeean, 
from Khandesb to Belgaum and Sholapiir, tliiongbout Southern Berar 
and the north-western [>ortion of the Hyderabad territory, in many 
parts of the Satpura range belAVcen the Narbada and Ta])ti, and on 
the ]\Talwa plateau north of the Narbada. Where exceptions occur, 
as in the Western Siitpdra and llajpipla liills, and along the coast near 
Bombay, the distiirbanee is shewn to be of later date from its affecting 
con tem]H)ra neons or newer l»eds of sedimentary origin. The only 
departure from absolute horizontality to be seen in the lava flows of 
the Deccan is frecpiently no more than may he due to the lentieidar 
form of tlio beds, but- iisnally there is a very low dip diseernible, 
seldom exceeding 1°, and fairly constant over large areas. Tliis circum- 
stance tends to sliew that even this small amount of inclination may 
be due to disturbance, because if the dips represmited the original angle 
at which the lava flows were consolidated, they would Tie found to radiate 
fiH)m the original volcanic vents. Nothing of the kind has, however, 
been traced. 
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Thickness of lava flows. — The separate lava flows are, as a rule, 
of no great thickness. The average in the two sections of the Bor and 
Thill Ghats, measured on the railway lines, is apparently 64 and 87 
feet respectively, but really less, because the distinction between the 
flows can in most cases only be recognised by lithological characters ; 
and where, as must frequently be the case, two or more beds of 
similar appearance and composition occur together, they must often 
be confounded and measured as one. Many of the more amygdaloidal 
beds a])])ear to be made up of several smaller flows from 0 to 10 feet 
tliiek, distinguished by being highly amygdaloidal above, less so in 
the middle, and traversed towards the base by long cylindrical, vertical 
l>ipes filled with zeolitii.^ But even siij)])Osing that these apparent 
distinctions are actcidental, some well-marked crystalline Hows in each 
section do not exceed 1 5 feet in thickness. 

Associated sedimentary beds and classifleation of series. — 
Hitherto only the igneous ])ortiou of the Ueccaii series has been 
described, but volcanic rocks, although they form the great mass of the 
formation, do not compose it exclusively ; for B(‘dimcnti\ry bands, 
frecpicntly fossil if erous, have been found in several ][)lacos iuterstratilied 
with the lava flows, and have become widely known and described 
iis miertrappaan beth. At the base of the whole series also there is 
found, in many jdaees, a small group of liim^stoncs, sandstones and 
clays, known as the Lameta group, from its occurrence at Lameta 
GJnit, on the Narbada, near Jabalpur. Formerly this Lameta group 
was su])])osed to be an eastern representative of the Mahadeva formation 
(Gondwana), but further examination has shewn that the Maliadevas 
arc much more ancient, and that the Lameta beds are so closely as.so- 
ciated with the lowest ti’ap that they must be considered as pai*t of 
the same series. It has also been determined that iulerirappcan beds 
occur ill two distinct portions of the Deccan series ; first, close to the biise, 
throughout the greater j)ortioii of the enormously extensive circuit of 
the volcanic area ; and, secondly, in the highest portion of tlie traps, only 
known to occur close to the coast in Bombay Island and the immediate 


^ Bearing in mind ilint amygdaloidal basalt must have been originally vesicular lava, 
and that what arc now nodules of quartz or zeolite were originally air or steam bubbles, it 
is easy to understand that the upper portion of a lava flow must have been more vesicular 
originally than the lower portion, and hence that a prevalence of amygdaloidal structure 
would be characteristic of the upper part of a flow. The vertical tubes must also have been 
originally filled with air or vaj>onr, perhaps expelled from the underlying stratum by the 
honied mass flowing over it after it had been cooled and consolidated. 
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iieighboiirboocl.- A rough classification of the whole series is prcscnled 
ill the following section 

Approx im.ito ^ 
thickuusB in feet. 

1. Upp(!r traps, with numerous beds of volcanic ash and the 

iiiierirappeaii sedimentary deposits of Bombay . . 1,500 

2. Middle traps, ash beds numerous above, but less frequent 

towards the base, no sedimentary beds known . . 4,000 

3. Lower traps, with intertrappeans of Nfigpur, Narbada 

valley, &c., volcanic ash of rare occurrence or wanting . 500 

4. Lamcta or infratrappean group 20 to 1(X> 

Whole thickness of series. — Tlie whole thickness^ as will be shewn 
presently, is probably considerably greater than 6,000 feet in the neigli- 
bourhood of Bombay, but the rocks gradually tliin out in other 
directions. At Bombay the upper limit of the scries is not seen. It 
is highly probable that near Surat and Baroda the trap may have been 
even thicker than near Bombay ; but, iis will be shewn hereafter, the 
upper })ortions have been greatly denuded, and it is extremely difficult 
here, as in most other places, to estimate the thickness with any accuracy. 
In Kachh (Cutch) the traps arc about 2,500 feet thick, whilst in Sind 
they have dwindled down to two bands at different horizons, each less 
than 100 feet thick. Throughout the greater portion of their area, no 
higher beds excej)l latcriie or ])Ost-tertiaiy deposits arc found resting 
uj)oii them, and it is impossible to form any accurate estimate of their 
original development. In the extreme south of the volcanic area, near 
Belgaiim, their thickness has been estimated by Mr. Foote to be 2,000 
to 2,500 feet; on llie plateau of Amarkaiitak, at the eastern extremity 
of their main area, they are about 500 feet thick, but farther cast in 
the outlier on Main Fat in Sirguja, not more than 300 to 400, whilst to 
the south-east near Rajamahendri they are rejux'sented by a tliiii outlier, 
in wliieh from 100 to 200 feet of basalt may be exposed. 

Lameta group. — Before proceeding further it will be necessary to 
give a fuller description of the sedimentary formations, and in accord- 
aiiee with the system adopted throughout this work, the Lameta grou]) 
as the lowest will first receive attention.* The origin of the name has 
already been mentioned, and it has been stated that the group consists 

' The reasons for considering the Bombay traps higher in the series than the others 
will he explained subsequently, when the iiitertruppean beds are described. 

The thickness given is little more than a guess, except in the case of the lower traps 
and Lainetas. The other figures are minimum estimates of the vertical extent of the scries 
where fairly developed. 

■* For further information, sec Ilislop: Q.J. G. S., 1860, p. 154; also Mein. 0. S. I., II, 
p. 1% ; VI, p. (216); IX, p. (315); XIII, p. 87; and Ree., G. 8. I., V, pp. 88. 115. 
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of limestones^ sandstones and clays. The limestones are the most 
characteristic and persistent heds ; they frequently oceur alone^ and they 
form the upper portion of the group, when other beds are associated 
with them. Occasionally the limestone is pure, but it is commonly 
full of sand and small pebbles, so iis to form a calcareous grit rather 
than a limestone, and it abounds as a rule in masses, sometimes irregu- 
lar, sometimes more or less lenticular in form, of segregated chert. 
Some of the small pebbles frequently consist of red jasper, the occurrence 
of which is very charaelcristic. This gritty limestone with its includ- 
ed chert nodules is found over a very extensive tract of 'country in 
the Central Provinces, and appears to he rarely absent throughout any 
large area in which the base of the iraps is exposed. It is precisely 
similar in mineral character to the uppermost band of the Bagh beds, 
and the resemblance between the two, together with their position at 
the base of the traps, renders it probable that both may be of the same 
age. The occurrence of the chert nodules may he due in both cases 
to infiltration from the overlying iraps, or to deposition from hot 
springs at the commencement of the volcanic epoch, ^ l)iit the similarity 
of mineral character exists independently of the association of silica. 

The bed which, after the limestone, is most commonly found in the 
Lamcta group, is a rather fine porous earthy sandstone, usually of a 
greenish colour. The clays are red or green, and arc very frequently 
sandy or marly ; sometimes they contain nodular carbonate of lime. 
They are of local occurrence and appear but rarely to extend over any 
considerable area. All these beds pass into each other; the limestone 
is not unfreqnently merely the sandstone cemented by carbonate of 
lime, the marls are an argillaceous form of the limestone, and except 
where the characteristic gritty limestone is the sole representative of 
the formation, there is, as a rule, a frequent change of character in the 
heds, both horizontally and vertically. This is usually the case where 
the thickness exceeds 20 or 30 feet; where the group is represented 
by a thin band, either the gritty limestone or the earthy greenish sand- 
stone is commonly found alone. 

Relations to older formations. — The Lameta group is quite im- 
conformable to all the various older formations upon which it rests, from 
the metamorphics to the Jabalpur group. As a rule the lowest flows 

of trap are conformable to the infratrappeau beds, but in some in- 
stances distinct unconformity has been detected, especially in one ease 

* See Judd: Geol. Mag., Dec. II, Vol. Ill, p. 343, In several volcanic areas in t>bo 

neighbourhood of the Alps it is shewn that the volcanic eruptions were preceded bj the 
appearance of springs containing, amongst other substances, silica in solution. 
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near Jal)a l]»ur' (Jiibbuli)ore)j and it is liigbly probable that closer examin- 
ation would shew that such cases are common, and that in many localities 
where Lainctas are ^vanting, their absence is due to denudation in prc- 
trappean times. At the same time the denudation appears to have 
been local, not general, patches occurring here and there, whilst, in 
the intervals between them, the trap rests upon a formation older than 
Lameta, but at such an elevation as to shew that the absence of the 
infra tra])pcan l)ed is not due to the ground having been above the water 
in which the Lametas were deposited. It is impossible that the Lametas 
can ever have been co-extcnsivc with the base of the trap, because 
the surface on wdiich the latter rests is extremely uneven, and many 
portions of it must have been above the level at which the infratrappean 
beds were deposited. To this subject it will be necessary to recur, 
howev(‘r, when discussing the relations of the trap series as a wdiole to 
tlio old(‘r formations. 

Distribution. — It is unnecessary to give a list of localities at 
which the Lameta group has been observed. It is principally developed 
in the Central Provinces, around Niigpur, Jabalpur, &c. It has not been 
found in the Southern Mahratta country, but elsewhere along the 
boundary of the volcanic area from tbe (xod&vari valley to llho])al and 
Indore, it is rarely absent over any considerable area. As a rule, owing to 
its small v(M’tical development, it only covers small portions of the sur- 
face, and it. us\ially forms a narrow fringe to the trap country. In the 
\V(*siorn Narbada valley it is replacjcd by the lldgh group, which, as 
already shown, it closely resembles in mineral charact/er and stratigraphical 
relations, and of which it is not improbably a fresh water representative. 

Fossils of Lameta group. — The Lameta group is, as a rule, singu- 
larly unfossil if crous, the principal fossils which have been found in it 
consisting of some bones of a large dinosaurian reptile, Titanosaurus 
huh cm ^ allied to Pelorosaurus of the Wealden and Cetiosaurus of the 
Bath oolite. These fossils occur near Jabalpur, and similar bones, to- 
gether wdth coprolites and some chelonian remains, are found at Phizdrtra 
(Pisdura) about 8 miles north of Warora in the Chanda district.^"* In 
the last-named locality some of the characteristic fresh- water mollusca 
of the iiitortrappean beds, such as Ph^sa Prinsepiiy are associated with the 
bones, and in one or two other localities the same shells have also been 
found in beds at the base of the trap; for instance, a Paludinay apparent- 
ly identical with P, DeccanensiSy an intertrappean fossil, was found by 

1 Rec. G. S. V, p. 115. 

Tjydukkcr : Roc. G S. 1., X., p. 88. 

3 Q. J. G. S.. 1860. p. 163; Mem. G. S. I.,X1IT, p. 88. 
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Mr. Hisloj) at Nag*pur/ Melania and Corlicula have been met with in infra- 
trappean beds near Ellichpur in Bcrar,^ and Fhysa Prinsepii in a similar 
I)Osition at Todihal, 15 miles north^nortb^east of Kaladgbi in the Southern 
Mahraita country.® But it is by no means clear in those localities^ in which 
fresh-water shells are found in beds beneath the trap, with the exception 
of Nag'[)iir, that an intertraj>pean bed has not overlapped the edge of 
the underlying lava flow, so as to rest upon an older rock, w-hich may 
be cither Lameta or any other vnon; ancient formation, and in the parti- 
cular case of Pliizdiira, where all the fossils are found scattered on 
the surf. ace of a field consisting of red Ijaineta clay, tlierc is always 
a possibility that Fh^sa Prinsepil and similar fossils may come from 
some small unnoticed intcrtr.ai)peau band, concealed beneath the deo]> 
surface soil. At the same time it is by no means improbable that the 
Phym and other shells are really derived at Phi/dura from the Lameta 
beds, and that this group consequently is liot much older than the vol ■ 
cani(; beds which overlie it. 

The oidy other noteworthy occurrence of fossils in the Ijameta group 
is that of some fish remains at Longargaon (Dongargaum) (> miles 
east )»y south, and Dhamiii^ miles east by north of Warora.*^ IMio 
species have not been described, but one of the fish found was considered 
by Sir P. Egerton allied to the Spkymnodm (a cycloid acanthopterygian) 
of the London clay. 

Intertrappean beds of Nagpur : the Narbada valley, &c. — 

Leaving the question of the mode of origin of the Lameta group to ho 
discussed hereafter, and deferring for the moment the dcseri])tion of some 
]>eds with marine fossils found at the base of t lie traps near lidj.ainahondri, 
the next group which requires notice is that com]>rising the fresh- 
water beds interstrati fiod with the lower traps in many p.arts of India, and 
especially in parts of the Central Provinces, Northern Hyderabad, Berar 
and the states north of the Narbada valley. Throughoui. these* trad s 
of country and beyond them, almost throughout the great trap area, 
there are found here and there, near the base of the volcanic formations, 
and in no case, so far as has hitherto been recorded, at a greater height 
than from 800 to 500 feet above the base, thin hands of chert, lime- 
stone, shale or clay, often abounding in fossils of fresh-water or terrestrial 
origin. 

Perhaps the most common form of the intertrajipean bands, or that 
which is most conspicuous, is a compact blackish cberty rock, a kind of 
Lydian stone. It is clear that this rot;k has been originally a silt, and 
has been hardened, either by the outpouring of igneous rock over it 

I Q. J. G. S., I860, p. 167. 3 Mom. G. S. I., Vol. XII, p. 193. 

' Mem, G. S. I., VI, j>. (283). Q. J, G. S.. 1860, p. 162 
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or l>y chemical infiltration, the former being the more probable, because 
it very frequently happens that the upper portion of the bed only is 
ch(*rfy, the lower portion being a soft earthy shale. Other forms of 
intertrappean bands are a dark or pale grey limestone, often earthy and 
imjnire, but rarely gritty, like the characteristic Lameta bed. Not. 
unfrequently the sedimentary bed is composed of volcanic dedritns, 
wheiber removed by denudation from solid basalt, or consisting merely 
of the loose products of eruptions, such as lapilli, it is difficult to sa}". 
Red and green clays or bole arc also found often associated with other 
intertrappean recks. 

As a rule, the sedimentary beds interstratified with the lava flows 
are distinguished from those underlying the whole volcanic series by the 
absence of pebbles and sand, ])ut occasionally, though rarely, sandy and 
even pebbly beds are found at some distance above the base of the trap. 
In the Southern Mdhratta country most of the intertrappean beds are 
sandstones and conglomerates. One peculiar detrital form of intertrap- 
j)ean accumulation has hitherto only been described from the country 
iiortli of the Narbada and south of Cliota Ildepur (about 50 miles east 
of Baroda) on the banks of the Karo, a tributary of the Hiran river.^ 
The lower beds of the trap series here consist of conglomerates, sandstones, 
and sandy grits, sometimes resting on a stratum of basalt, but occasion- 
ally on the Bagh cretaceous beds, which underlie the volcanic formations. 
Occasionally the sandstone or conglomerate appears to be chiefly com- 
j)f)scd of detritus derived from the metamorphic rocks, but volcanic frag- 
Tuents, usually in the form of rolled pebbles of basalt, can always be found 
by search, and in many parts the bed becomes a mass of rolled volcanic 
fragments, often mixed with unrolled scoriae. At times indeed the rock 
is a conglomeratic ash, in which rolled fragments of metamorphic rocks 
and of basalt occur together. Ilornblend and pyroxene crystals have been 
found ill the.se conglomeratic ashy beds, which are in some places as much 
as 200 feet thick. In some instances the conglomerates appear to have 
accumulated in hollows, like river beds ; but in any case the abundance 
of rolled })ebbles and boulders of trap is important as a proof that 
denudation took place in the interval between successive lava flows. 

With the exception of the detrital accumulations which have just been 
mentioned, the intertrappean bands rarely exceed a few feet, from 3 to 
about 20, in thickness, and they frequently do not exceed 6 inches. In 
many places two or more sedimentary beds occur at different levels in 
the same section, and the different bands are in some cases dissimilar in 
mineral character. Thus, at Mekalgandi* Ghsit in the Sichel hills, south 


1 Mem. G. S. T., VI, p. (327). 


Mueklcgumly pnss of Mnlcolmsou. 
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of the Pen Ganga river, on the old road from Nagpur to Hyderabad, 
a locality famous as being one of the first at which the intertrappean 
fossils were detected by Malcolmson, the following beds are observed in 
section : — 

1. Trap. 

2. Ch(^rt}- bed eoiitaining Unio, Cifpris, Ac. 

3. Trap. 

4. Limestone containing Cyjiris and fragments oi' .*;mall mol!u.sca. 

5. Trap. 

(). Calcareons grit, containing brohen shells (Lamota). 

7. Metamorpliic rocks. 

A single intertrappean bed can but rarely he traced for more than 3 
or 4 miles without interruption ; it then usually dies out ; at the same 
time it is rare to go over any large tract near the base of the traps with- 
out finding some sedimentary hands iiiterslratified, and occasionally one 
is found to be much more extensive than usual. Thus, an instance is 
recorded by Mr. J. G. Medlieott* in Sohagpur, east of Jabalpur, in which 
an intertrappean bed was traced for nearly 25 miles. 

It would take up too much space to enumerate all the localities at 
which the lower sedimentary intertrappean beds luive been observed. 
They have been noticed in several places in the Southern Mahratta 
couniry ; they are commonly found near the base of the trap flows almost 
throughout the great and irregular line of boundary extending from the 
Godavari to Rajpdtana, and they occur even in small outliers, for instance 
at Main Pat in Sirguja ; they have been detected by Mr. Rogers- to the 
westward at Duhad in the Rewa Kanta, about 75 miles north-east of 
Baroda, and still farther west in Kachh ® by Mr. Fedden of the Geologi- 
cal Survey. 

Fossils of the lower intertrappeans.— The abundance of fresh 
water and terrestrial animals and plants in the intertrappean beds has 
been the principal reason for the comparatively large amount of notice 
which these thin bands of rock have attracted. The mollusca are 
very abundant and are occasionally exquisitely preserved in the cherty 
layers ; the commonest species are forms of Physa and Lymnea^ whilst 
Ij7ii0y although abundant locally, is of comparatively rare occurrence. 
Paludina, Valvata and Melania are far from uncommon. Land shells are 

1 Mem. G. S. I., 11, p- 201. 

2 Q. J. G. S.. 1870, p, 122. 

2 Mem. G. S. 1., IX. pp. 68, 240. 
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v(‘ry soldom found ; but they have boon delectt^d » in one ease at least. 
J<:iitoniostra(*()us crustaeeaiis are very nearly as eoinmoji as mollusea ; all 
liillierto found belong to the genus Cjjprk, The other remains of 
animals hitherto detected have consisted of insects, fishes and reptiles, 
all of which are fragmentary. Plant-remains abound, but leaves are 
rare, seeds and fragments of wood being more common ; and the most 
abundant vegetable fossils are the seed vessels of CharacefP., of which 
one species has been described under the name of Chara Malcohnponi, 
The following is a list of the species of animals hitherto d(‘scribcd from 
th(‘ intertrappean beds of the Deccan “ (common or eharactciistic specie.s 
are marked with an asterisk, thus*) : — 


ARTHROPODS. 

Insecta. 

DrPKE.STTDA:. — 

LomatHs Ifislopi, and three other species inipevreetly preserml, tut sii|»- 
pesed to belong lo this fauiily. 

Cr K cr LI ON 1D.K. — 

Mvrinfoft Hunltrli and eight s))ecies too poorly preserved for deserijdion. 


CRr.STACEA. 

Cf/pris rylindrica. I Cypris hulopi. 

C. stdtglohosa, I C. hiinieri. 

Cypris strangtilata. 

’■ In Mem. 0. S. L, IT, p. 213, several forms were referred to the tcrrcslriiil gennn 
Achatina. Some simihir fossils from a Freneh deposit hnd been phieed in tin? sfiino genus, 
hut it iippears more probable that the Indian shells tire of fresli-wiiter origin and belong to 
Lymnea or to some allied type. 

-Q. J. O. *S., I860, pp. 154 — 180, Pis. V— X. The shells were described by Mr. 
Hislop himself, the iiLseets by Mr. Murray, the Cypridif by Professor Rupert .Tones. Some 
of the shells collected by Malcolmson had previou-sly been described by Sowerby, Trans. Geol. 
Soc., Ser. 2,V, Pi. XL VII. 


The following are figured on Plato XIV of the present work : — 


A. — FjiBSH-WATEE. 

Fig, 1 — 2, Vhysa primepii. 

„ 3, Paludina normalis, 

„ 4, P. acicularis, 

„ 5, P. sankeyi, 

,, 6, P. deccanensis, 

„ 7, Valvata muUicarinata. 

„ 8, r. minima, 

„ 9, Lymnea suhulata, 

„ 10, L, ieliinkhediensis . 

11, L. spina. 


Fig. 13, Melania quadrilineaia. 
„ 13, Unio deccanensis. 

„ 14, U. hunltn. 

B. — Estuaeine. 

Fig. 15, Pseudoliva elegans, 

„ 16, Kaiica stoddardi. 

„ 17, Cerilhium stoddardi, 

„ 18, Vicarya fnsiformis, 

„ 19, Turritella pradonqa, 

„ 20, Cardila variabilis. 
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MOLLUSCA. 


* Melania ijuadrilineataf PI. XIV, 

M. hnnteri, 

Paludma normalise PI. XIV, fij'. 8. 

* P. devcatwnsis, PI. XIV, fi". 0. 
jP. wajpsharci. 

* P. acicularis, PL XIV, fj". 4. 

P. 'pyramid. 

P. mhcyllndraeea. 

P. sinlceyiy PI. XIV, iig. 6. 

P. taMietisis. 

P. soliita. 

P. conoidea, 

P, rawesi. 

P, vimpai, 

Valvata minima, PL XIV, fig. 8. 

V. unicar inifera. 

r. multicar inata, PL XIV, fig. 7. 

1\ decollaia. 


Pulimns oldhamianus, 

Succinea naypurensis. 

Lymnea oviformis. 

Jj. suhulata, PL XIV, fig. 9. 

X. atlenuata, 

X. tel a niched irnsis var. peracuminafa, 
PL XIV, fig. ]0. 

X. telanhhediensiii var. radlolus. 

* L. spina. PLXIV, fig. 11. 

* Physa prinsepii, PL XIV'', fig. 2. 

Do. var. elonyata, PL Xl^^fig. 1. 
Do. var. injlala. 

Unto malcolmsoni. 

IT. deccancnsis, PLXIV'’, fig. l:L 
U. hunteri, PL XIV, fig. 14. 

IJ. mamillatus. 

U. imhricatus. 

U. carieri . 

Plsid i tint 7ned lieot iianu ni. 


Tlie ])]aiits have not been described, with the exception of tlic Chara. 
Those collected near Nag’prfi* are said by Mr. Ilislop to comprise about 
fifty si)Ocies of fruits and seeds, twelve of leaves and five kinds of woods; 
the only forms mentioned are endog'cns and ang^iospermous exo^ens. The 
relations of the fossils will be discussed in the secpiel, tojrctber with 
the fauna of the other inlerirappean deposits. 

The whole of the mollusca and Crustacea mentioned are freshwatei* 
forms ; no marine species have been detected associated with them, except 
in tlic beds near Kajamahendri, of which a description will be geiven in 
the next paragraph. The insects and plants, with the exception of Chara ^ 
a fresh-water form, are of terrestrial origin. The general prevalence 
of the pulmoniferous mollusca Phj/sa and Lymnm a|)pears to indicate 
that the water was shallow, as these forms live partly at the surface 
and are not found in deep water : Cypris, too, is commonly found in 
shallow marshes. 

Marine beds associated with trap near Rajamahendri.— 
The outcrops of trap near Rajamahendri (Rajahmundry) are so remote 
from any other exposure of the Deccan volcanic scries, being about 210 
miles distant from the nearest point of the great Deccan area north-west 
of Sironcha, that some doubt would remain as to the identifieation, 
despite the similarity of mineral character, had not some of the typical 
freshwater fossils of the Deccan intertrappean beds been discovered in 
the Rdjamahendri area. The Rajamahendri outcrops occur on both 
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l)anks of tlie Godavari, ‘ and consist of an interrupted narrow band of vol- 
canic rocks, chiefly earthy dolerite and amygdaloid of the usual character, 
extending altogether for about 35 miles from east-north-east to west 
south-west. On the left bank of the Godavari, traps are seen at Kdteru 
(Kautairoo of the map) just north of Kajamahendri itself, and extend 
rather mor^ than 1 0 miles to the east-north-east, resting upon metamorphic 
rocks whenever lower beds arc seen. On the right baidv the volcanic rocks 
appear in two areas, divided by a small alluvial valley ; the larger extends 
for about 10 miles to the westward from Pangadi, 7 miles west of Raja- 
mahendri ; and the smaller occurs a few miles still farther west. In 
these outcrops ihe beds of the volcanic series rest upon the Jurassic 
rocks of the Ellorc region. In both cases the strata overlying the trap 
are tertiary sandstones (Cuddalore group), and all the beds alike have a 
low dip to south or south-east. The whole thickness of the volcanic 
series at this locality, as already mentioned, nowhere appears to exceed 
about 2()() feet, and in pinches it is not more than 100. 

Infratrappean. — At the base of the traps and intervening between 
the basalt Hows and the underlying Jurassic sandstone, near the village 
of Dudilkur, twelve miles west of Rajamahcndri, about 50 feet of sand- 
stone, white, yellowish or greenish in colour, is exposed. The u])por por- 
tion is calcareous, and, on the toj), there is a band about O inches to ^ feet 
thicik of sandy limestone abounding in marine fossils, the most abundant of 
which is a Turritella apparently identical with T. dispafisa of the cretaceous 
Arialur grouj). If not identical, the two species are very closely allied. A 
Nautilus, alxmt ^di^^^nGasteropoda and eleven LamMibravc/tiata accompany 
the Turritella, but not a single species, except Turritella dispassa, has been 
re(*ogiiised as identical either with the cretaceous beds of Southern India 
or with the eocene fossils of the nummulitic group. The collections have 
not, however, been sufficiently compared to enable the species to be de- 
termined with certainty. Only one single species, too, Cardita variahilis, 
has been recognised as occurring also in the overlying intertrappean bed. 
Although the whole facies is tertiary, there is a remarkable absence of 
characteristic genera,* and the chief distinction from the cretaceous fauna 


* The acconnt of these beds is chiefly from manuscript reports by Mr. King. The iiiter- 
trappean beds were discovered originally by General Cullen and Dr. Benza, and collections 
of the fossils were made by Lieutenant Stoddart and Sir W. Elliot, and described by 
Mr. HiBlop (Q. J, Q. S., 1860, pp. 161, 176, &c.) The infratrappean band was first noticed 
by Mr. King, (Rec, G. S. I., VII, p. 159). 

‘ Amongst the genera identified are Rostellaria, several forms of Muricidcs^ VoluiilitlieB 
near the tertiary Y. torulosa, Natica, Turritella^ Dentalium, Cytherea or allied genera 
(throe sp.), Cardi fa {four up.), Corbis, Pectnnculnx, CucuUaa and Ostrea, 
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of the upper beds in Southern India is simply the want of any marked 
cretaceous form. The fauna is distinctly marine. 

It is difficult to say whether this bed should be referred to the Lameta 
group or not. The mineral character is similar, but all known Lameta 
outcrops are so distant that the identification is somewhat doubtful. 
The distinctions between the fossils of the B%h beds and those of the 
infra trappeans of Dudukiir and Pangadi appear too great to be attributed 
solely to the existence of a land barrier lietween the two areas ; it is 
difficult to suppose that the two formations can be of the same geologi- 
cal age, and the difficulty consequently arises that, if the Lameta beds 
represent the Bagh group, they are probalily more ancient than the 
Pangadi infratrappeans. Still the balance of evidence is rather in favour 
of referring the latter to cretaceous times than to tertiary. They may 
be of intermediate age. 

Intertrappean beds of Rajamahendri. — Upon the fossiliferous 
limestone described in tlie last paragraphs a flow of basalt is superposed, 
varying in thickness from about 30 to about 100 feet. There is an 
appearance of slight unconformity where the volcanic rock rests upon 
the scdiincntary bed, the surface of the latter being slightly uneven, as 
if denuded, and the upper fossiliferous infratrai)pean zone is occasionally 
wanting. The variation in thickness of the basalt stratum may be due 
to its having been poured out upon an uneven surface, but it is not quite 
clear whether this unevenness was due to disturbance of the sedimentary 
beds before the outburst of tlie traj)s. 'that the denudation of the 
underlying formations can have been only partial is shewn l>y the fact 
that they may be traced between 3 and 4? miles, the U])per portion alone 
being locally absent. 

On the left bank of the Godavari near Bajamahendri itself, the in- 
fratrappean band has not been observed. Tlie thickness of the lower 
How of basalt cannot be clearly ascertained, but it is not less than 40 
or 50 feet, and it is probably more. Above this lower flow on both banks 
of the Godavari, there is found a sedimentary band, 12 to 14 feet thick 
at Kateru, where it only extends for about half a mile, and about 2 
ti) 4 feet thick in the Pangadi direction, where it has been traced for 
about 10 miles. The intertrappean bed consists of limestone and marl, 
and portions abound in fossils. Numerous quarries which have been 
opened near both Pangadi and Kateru have afforded good opportunities 
for obtaining fossils, which are difficult to extract from the argillaceous 
limestone when it is first quarried, but weather out on exposure. About 
30 or 40 feet above the fossiliferous limestone of Kateru, another sedi- 
mentary b(Ml, consi.sting of yellow calcareous shale, is seen in one place. 
It is very thin, and no fossils have been found in it. 
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Fossils of Eajamahendri intertrappeans.— The following is a 
]i.sl of the species of mollusca described by Mr. llislopfrom llie liajama- 
hendri into rt rap j)can beds : — 

G ASTEROrOPA. 


J^imts pyffmrt’us. ! 

J\s<V(loJiva vlvganK, PI. XIV, fig. 15. 
Nativa stoddardi, PI. XIY, fig. 10. ! 

Ccrlihhim multiforme. \ 

C. suhrylindraceum, 

C. Ifithi, 

C. stoddardi, PI. XIV, fig, 17. i 

Vicart/afuaijormis, PI. XIV, fig. 18. . 


TurriUdla prado77(/a. Pi. XIV, fig. 19. 
Pafudina iiormaliSyVl. XIV, fig. 3. 
Hjjdt'ohia ell ioti, 

H. riDderi, 

If. hradley], 

Ilerniioinn- multii'adiafa. 

Physa prhiticpii^ PI. XIV, figs. 1,2. 
Lymnea subulata^^ PI. XIV, fig. 9. 


Lamiclltbranchiata. 


Corhula s^ilcifei'a. 

C. oldlutmi, 

Psa m m ohia j miesi. 

Tv! Una vmod'wa t'd /. 

Oythoea orbicularis. 

C. iviLsuni. 

C. icapsliarcl. | 

C, ratoc.si. i 

C.jcrdoni, , 

C. clliptica. 

C. hunter i. 

Cardita variuhilis, 1*1. XIV, fig. 20. 


Cardita p nsi ? la . 

Curbi cn 1 a I nyens. 

Curb is clliptica. 
Litrina parra, 

L. (Kcllia) nana. 
Nucula pusllla. 

Area .stria tula, 
Modiola^ sp. 

Perna me leayri iioides. 
JJma, sp. 

A iiomia katcritcnsis, 
Ostrea panyad ten, sis. 


The rriosi marked feature of this fauna is its disfinefly estuarine eha- 
rai'ter. Cerithlvm viuU iforiuc a]>])ears to be a Tyrnpanoionnn or Pirenella. 
C. leithi has the charact eristic form and sculpture of a CerlUiidea, and 
C. sioddardi is, at least, as much allied to Potarnides as to Ccrilhinm pro- 
jicr. Tfjwpaiioionus, Pireiiella, Ceritfiidea and Potarnides are all brackish 
water forms- 11 y dr ohia is an estuarine genus, and the fossil called Herni- 
tovia closely resembles a species of Acwcca found living in creeks in the 
deltas of Indian rivers. Some of the shells referred to Cylherea agree best 
with the ty])ical forms of the genus {McreiriP) y many sjiccies of which 
abound in backwaters and at the mouths of rivers, and Mr. Hislop has 
remarked the similarity between Corhula oldhami and a Brazilian species 
belonging to the estuarine genus Azara, There is a complete absence of 
]>clagie shells such as the Cephalopoda y no Echlnodermata or corals are 
found, and above all, four species are characteristically fresh- water forms, 
viz.y Physa prinsepiiy Ly vmea suhulatay Paliidina norm alls and Corbiciila 
’*nyeus. It is true that the three first are of comparatively rare oceurreuee^ 
whilst the (orhlcula is common, and perliaps the last named may have lived 
in brackish water, as its near ally Cyrena doc.s at the present day, whilst 

‘ Not iiuiiHk'il in Mr, Hisl«>|vs collect ions, but obtained since from Katcru. 
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the purely frei-h-watcr shells were washed down by rivers; but this view is 
quite in aeeordaii(?e with the tlieory that the iiitertrajq^ean beds of Kaja- 
mahendri were deposited in hraeliish water, whieli was supplied with 
fresh water by streams, but which Wiis also in eoinmunieation with the 
sea. 

The niollnsc'a, liowever, cannot l)e considered as very characteristic of 
a^c. They were coTnj)ai‘ed by Mr. Hisk>p with the nummulitie fauna of 
Western India; but, as lie ]H)ints out, no forms appear to be identical, and 
altlioug*!! Natica dolhtm, Turrifella affnisvimlim unnamed CerUhium found 
in the tertiaries of Sind and Cutch, resemble N. sfoddardi, T. pmlonga 
and C. the intertrappean forms are more closely allied to the 

cretaceous [Mam nulla) carualica, T, and C^^r/7///ww thanto 

the eocene species mentioned,* and other forms mij^ht easily be shewn to 
be aftined to those occurriiij^ in the cretaceous rocks of Southern India. 
In the case ol* TurrikUa 2Jiy(donga and T. elicifa thcafhnity is very great. 
The shell called a]>pcars not to be really congeneih? with 

r. verncnUTiy the type of the genus,- and the latter has now been found 
to be miocene, not eocene. On the whole, it may I)C safely asserted t hat 
no tertiary alliances of any value have been detected amongst tJic inter- 
trappean Rajamahendri fossils, and that their relations are rather with 
the u])per cretaceous rocks of Southern India, although the coniu^xion 
is not strong. 

Upper intertrappean beds of Bombay In the Islands of 
Bombay and Salsette, and probably farther north on the same line of 
coast, the trap rocks have an inclination of from 5° to 10° to the w(ist- 
ward. The islands are separated from each other and from the mainland 
to the north by tidal creeks and alluvial Hats, whilst between them and 
the mainland to the eastward is the expanse of water forming Bombay 
Harbour. In the islands of the harbour, and on the hills bct vv(?cn Tanna 
and Kalyan north of the harbour, the same westwardly dij) is dis])hiy- 
ed, >vhilst farther to the eastward from Kalyan to the Sahyadri range 
the traps are horizonhil. 

* When Mr. Hislop wrote, the Sonth Indian cretaopous fossils h.ad not boon d«*s(M’ihed. 

= 'this wsis pointed out by Mr. IT. M. Jenkins, Q. J. G. S., lKfi4, p. 58. Ihialso, p. 0,5, 
suppested that the Sind beds containing Vicarya were newer than eocene, a view since con- 
firnicd. 

•* For i'nllrr d(’Scriptions of these beds, r( c Carter, Jonr. Roinbay Rr. Roy. As. Soe., IV, 
p. 161, and “Geological Papers on W’^estetn India,” p. 12S. It inn.st not be forgotten that 
Dr. Carter’s views as to the r<datioiis of tbc sedimentary beds differ esscnitially from those 
slated in the text, with wbieli all other observers agree. See also Rnist ; Trsms. noinb:iy 
Gcogr. Soc , X, p. U»5, and Wynne, Mem. G. S. I., V, p. (103). and Vi, p. (38,5). Resides 
Drs. Carter and Rnist, Dr. Leith and Mr, G. T. Clark have added greatly to our knowledge 
of the ge'.»logy of iJouibajk Island. 
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About 2,000 feet of horizontal beds are exposed on the flanks of 
Mathcrrin hill, and a still greater thickness farther to the east in the hills 
near the Bor Ghht and close to the Great Indian Peninsula Railway line 
between Bombay and Poona ; but as no lower beds than the traps are 
seen, it is impossible to say how far the lowest strata exposed at the 
biisc of the hills are above the bottom of the series. Without closer 
measurements than have hitherto been made, it is difficult, owing to 
the numerous breaks in the section, to estimate the precise thickness of 
the rocks dipping to the westward near Bombay, but taking the average 
dip at S'", the whole thickness turned up in 15 miles would be nearly 
7,000 feet.* This is a minimum estimate; probably the average dip 
is higher, and the thickness consequently greater. From 1,200 to 1,500 
feet of rock are exposed in Bombay Island, so that it is evident that the 
lowest beds seen on the island are higher in the series than the highest 
flows seen on the Saliyadri mountains to the eastward, even although 
some of tlie higlier portions of the range are 4,000 feet above the sea. 

The intertrai)peans of Bombay are entirely confined, so far as is known, 
to these higher beds, no sedimentary rocks having hitherto been found 
amongst the middle jiortions of the Deccan trap series. It is manifest 
that the Bombay fresh-water beds belong to a very different horizon from 
that to which the intertrappeans of Nagpur and the Narbada valley must 
be assigned. The most im])ortant bed is that which underlies the basalt 
of Malabar hill and Worlee hill, forming the broken ridge ailong the 
western or sea face of the island ; consequently this stratum ih imme- 
diately beneath the highest lava flow known to occur anywhere through- 
out the ti*aj) area, for the rocks, as already stated, dip to the west, and no 
beds higher than those of Bombay have been discovered. It must, 
however, not be forgotten that the coast north and south of Bombay 
has not hitherto been examined wuth sufficient care to make it quite 
certain that no higher beds occur. 

This i lit e lira ])pean bed on the east side of Malabar hill is in places 
more than 100 feet thick, and consists principally of soft grey, greyish - 
blue, brown, and brownish yellow earthy shales, with occasional harder 
bands, some of which arc black and carbonaceous. The greater portion 
of the bed is evidently formed of volcanic detritus, whether lapilli washed 
down by water, or sand produced by the disintegration of lava flows, 
it is difficult to say ; very possibly both may have contributed to the 
formation of the rock. Occasionally, at the top of the deposit, the shale 
becomes hardened and silicious, as if by the action of the overlying 

' This appears more' prohahlc than the much lower estimate of '1,000 or 5,000 feet pjiven 
in Mem. G. S. 1., VI. p. (151). 
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basalt. The black carbonaceous shale is locally highly bituminous and 
sometimes contains small layers of a coaly substance and fragments of 
mineral resin. Impressions of vegetables abound, although they are 
but seldom well preserved, and remains of animals are common, the best 
known being skeletons of small frogs and carapaces of Cyprides, 

Besides this thick sedimentary band, several thinner beds have been 
found at lower horizons amongst the lava flows and ash beds of Bombay 
Island. They are, however, very thin, and except one, which is seen in 
the quarries of Nowroji hill, south of Mazagaon, they arc difficult to 
detect ; indeed, the circumstance of their occurrence has only become 
known through the careful scrutiny of local geologists, who, living in 
the town, could take advantage of any excavations for buildings, tanks, 
roads, &c., to examine the strata exposed. According to Dr. Buist there 
are five or six sedimentary beds below the thick band of Malabar hill, 
&c., but fossils have only been found in that exposed at Nowroji hill, 
where Cyprides occur. All these bands consist of shaly beds. 

Fossils of Bombay intertrappean beds.— The fossils found at 
Bombay are tolerably numerous, but hitherto only the Tertebrata appear 
to have received more than a superficial notice. The remains of a fresh 
water tortoise, Ilydraapis leUhi {Testudo leit/d, Carter) belonging to 
the Emydidcc^ and of a frog, liana pusilla,^ considered by Dr. 
Stoliezka an Oxyglossus,^ have been found, the latter in abundance, whilst 
some bones of a larger frog have been obtained. The Arihropoda are 
represented by three species of Cypris, one of which, C, cylindrical is also 
found in the intertrappean deposits of the Deccan ; another species has been 
called C, semimarginata by Dr. Carter, the third is unnamed. C, semU 
marginata is the most generally difEused, but the other forms also occur 
in great numbers. Only fragments of insects have been found. MoJ- 
lusca are rare, and the few specimens hitherto j)rocurcd have Ijoon in poor 
condition ; they have been referred to Melania and Pupa^ but with some 
doubt, and none of the characteristic Deccan forms have been detected. 
The plant-remains comprise stems, leaves, seeds, and perhaps roots, l)ut 
very little has been determined, except that endogens and angiospermous 
exogons are re])resentcd. 

The life represented by the species named is clearly that of a shallow 
marsh. The frogs occur in large numbers, and their bodies have evident- 
ly been deposited near the spot where they died, as the whole skeleton 


* Owen : Q. J. G. 8., 1847, p. 224. 

-Mem. G. H. 1., VI, p. (387). Dr. Btoliczka shews that the form agrees well with 
aud with no other known existing genas. At the same time, ns some of the 
principal characters by which genera of frogs are distinguished arc not preserved in the 
skeleton, the Bombay frog may have differed greatly from recent Oxgtflossi. Prom the 
species of true Rana it is distinguished by the w'liut of vomerine teeth, the large head, and 
short hinder limbs. 


V 
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is found perfect ; in some cases^ as was noticed by Dr. Stoliczka/ the 
skeleton has been dragged along the surface of the shale in which it is 
embedded, and he suggests with great probability that this was done l)y 
wind. The tortoise is a marsh or river form, the nearest living ally, accord- 
ing to Dr. Gray,* being a genus found in fresh water in South America. 

Origin of the Deccan traps sub-aerial. — After the description 
of the various sedimentary formations intercalated with the traps or 
underlying them, the next point for consideration is the mode of origin 
of the trap rocks themselves. Their volcanic character is sufficiently 
proved by their composition ; precisely similar rocks occur amongst the 
lavas poured out from recent volcanoes, whilst nothing of the same 
kind has ever been known to be deposited from water. But the first 
difficulty which arises, and it is one of very great importance, is to 
account for the persistent horizontal! ty of the beds. Two observers 
certainly, Jacquemont® and Adolph Schlagintweit^ have considered that 
the traps are unstratified, but after the evidence already meniioned as to 
the differences in mineral character between successive bands, the fre- 
quent occurrence of vesicular structure on the upper surface of flows, the 
presence in abundance of beds of volcanic ash, and the repeated inter- 
stratification in the same localities of sedimentary layers, it is unnecessary 
to refute this view. A much more common opinion, and one which has 
been supported by numerous excellent geologists, from Newbold down- 
wards, is that the Deccan traps are of subaqueous origin, and it is 
necessary to shew why this opinion is untenable. 

In all cases of subaqueous eruptions, the ejected masses consist of 
substances very similar to the lava, ashes, scoriae and lapilli of ordinary 
subacrial volcanic outbursts, but these materials being thrown out into the 
water arc reduced by the sudden cooling to the condition of a fine 
' j)Owder, which is dispersed and deposited in layers in the same manner 
as ordinary detritus, so as to form what are known as stratified tuffs.® 

' Mem. G. S. I., VI, p. (393). 

" Ann. Mng. Nat. Hist., Ser. 4, VIII, p. 339. 

** Voyage dans 1’ lude,” Vol. Ill, pp. 594>596, &c. 

* “ Report of the Proceedings of the Officers engaged in the Magnetic Survey of 
India,” No. I, p. 6. Keisen in Indien und Hochasien, I, p. 141. 

* “ The volcanic products thus 'forced out under the sea present, ns might be expected, a 
very different aspect from that of the nshes, scorise, and lava from terrestrial volcanoes; the 
molten lava, coming in contact with the water; is at once broken up into fragments, coarser 
or finer in proportion to the greater or less cooling power of the water in immediate contact 
with them, and often in great part instantly converted into fine mud, of a greyish colour 
when formed from trachytic lava, but more commonly of chocolate or other dark tint, and 
much denser w'hcn produced from the ordinary pyroxenic lava. Beds of this charaetcr 
spread out by the action of the sea, often enclosing shells, fish and other organic reniains, 
iH'como in time consolidated and npheaved, and as they often present an appearance much 
resembling ordinary volcanic rocks, they have frequently puzzled geologists, who at first 
found a difiiculty in cxphiining the presence of such fossils in rocks uppaicntly of igneous 
origin.” — 1>, Forbes : Geol, Mag., 1870, p. 323. 
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With these tufPs ordinary marine deposits are necessarily intercalated, 
and both these and the tuffs are usually fossiliferous, the very destruction 
of life in the waters of the sea, caused by the heat and gases which are 
evolved during eruptions, ensuring the preservation of tliose portions 
of the organism which arc not liable to destruction from the temperature 
of boiling water or the process of decomposition. Now, the volcanic 
ashes already described as occurring in great abundance amongst iJie 
higher beds of the Deccan traps are not, as a rule, stratiHed in the 
manner in which beds deposited from waier would be. Although they 
occur in strata intercalated with basaltic lava flows, these ash beds 
themselves have no internal lamination, excei)t in a few rare instances, 
in which they are chiefly composed of bole, and may have bi‘en formed 
in the small pools of fresh water so common in volcanic areas. Above 
all, not a trace of a marine organism has ever been found in any ash 
bed, or in any rock intercalated vrith the traps, except in the inter- 
trai)pean and infratrappean formations of Eajarnahendri, in which case 
the lava has evidently been poured out on the coast, the intertrappean 
beds, as already shewn, being estuarine, and the infratrappean littoral 
It may be thought that the prevalence of volcanic conditions would 
destroy all life in the sea., and thus the absence of marine fossils 
in the traps may be explained, but even if this view were conceded, (and 
it is entirely opposed to all that is known of recent submarine volcanic 
action,) there must have been a great destruction of life at the commence- 
ment of the volcanic epoch, and some traces of the animals destroyed 
would have been preserved. 

Relation of Deccan traps to underlying rocks. — ^Tlm evidence 
afforded by the characters of the traps and the absence of marine fossils 
is, therefore, opposed to the hypothesis of a submarine origin, and the 
relations of the lowest lava flows to the underlying rocks arc strongly 
antagonistic to the idea that the volcanic outbursts were subaijucous. 
The surface of the older rocks upon which the traps rest, is in many jiarts 
extremely unevt;n, the basalt Ailing great valleys, Eometimes as much as 
1,(J00 feet in depth, the form of which shews that they were excavated 
by subaerial erosion. Admirable examples are seen betw^een Bhopal and 
Hoshangabad, where the Deccan traps rest upon an extremely uneven 
surface of Yiudhyan rocks.’ It is true that this uneven surface might 
have been formed above the sea and then depressed beneath the w^ater, 
but as periods of depression are always favourable for the accumulation of 
sediment, we should in this case expect to And aqueous de]iosits of con- 
siderable thickness at the base of the volcanic rocks. It is remarkable 


^ Mem. G. S. I., VI, pp. (210), (212), Ac. 
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that in lliis uneven ground no deposits whatever are found at 

t he base of the traps, and the general absence of any infratrappean 
deposit has been noticed in the Southern Maratha country, where also 
the surface upon which the traps rest is very irregular. 

Where the underlying formation consists of the cretaceous Bagh 
beds, these are, as a rule, conformable to the volcanic series, and it might 
be thought that in this tract of country the traps were submarine. But 
every here and there, a spot is found where the cretaceous rocks are 
wanting, and where the level of the infratrappean surface shews that 
their absence is due to denudation.^ In some cases where the Bdgh beds 
are not more than 30 or 40 feet thick, the denudation which lias removed 
them has only extended over a small area, and has scarcely affected the 
harder rocks beneath, and from the small area, often only a few yards 
wide, over which the cretaceous rocks have been removed, it is evident that 
the denuding agent was siibaerial erosion. It has also been ascertained 
that the Bagh beds had been locally disturbed to a small extent, besides 
having suffered from denudation, before the commencement of the 
volcanic outbursts. As has already been noticed in the description of 
tlie Lameta beds, their relations to the lowest traps are precisely 
similar to those exhibited by the marine cretaceous beds of the Western 
Narbada valley; there is the same slight disturbane(i and local denudj\^ 
tion, although, as a rule, the two formations are conformable. 

Subaerial origin proved by fresh-water beds.— Lastly, the 
circumstance that, with the single exception of the estuarine inter- 
irappean baud of Rajamahondri, every fossiliferous sedimentary bed 
intercalated with the Deccan traps is unmistakably of fresh-water origin, 
is a conclusive proof that all those lava flows which are associated with 
such sedimentary beds are not submarine. We have tlius not only a 
complete absence of all proof of submarine origin,* but clear and 
unmistakable evidence that the traps were in great part of subaerial 
formation. 

Lower traps not poured out in a great lake. — Another favourite 
idea with many writers, and especially with Mr. Hislop and Dr. Carter, 

I Mem. G. S. I.. VI, pp. (212), (300), (313), &c. 

" It may appear to many geologists that an unneeessary amount of space and argument 
hns been devoted to proving a very clear proposition, viz., that the Deccan traps arc 
Kubaerial. The reason for giving the arguments at length is that a difierent view has been 
expressed by many geologists, and repeated within the last few years in the “ Memoirs of the 
Geological Survey of India,” Vol. IX, p. 60, &c. A reference to the ” Quarterly Journal of 
the Geological Society of London,*' Vol. XXX, p. 225, will shew that the arguments used by 
Professor .Tudd, to prove thcsubnerial origin of the volcanic rocks in the west of Scotland 
and north of Ireland, arc precisely the same in many cases ns those mentioned above. Theso 
views had been urged in the case of the Indian rocks (Mem. G. S, I., VI, p, (Idso), some years 
before the publicttUou of Professor Judd’s papers. 
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has been that the lower traps were poured out in a vast, but shallow, 
fresh-water lake extending throughout the area over which the inter- 
trappean limestone formation extends.* This hypothesis involves the 
existence of a lake of enormous size, several hundreds of miles in length 
and breadth, but shallow throughout. It appears more probable that the 
lakes in which the Lamcta group and the intertrappean beds were de- 
posited were of moderate size , and that they were formed by unequal 
elevation of different parts of the area prior to the volcanic outbursts, or 
by the obstruction of the drainage of the country by lava flows. The 
lake or lakes in which the Lameta beds were formed may have been more 
extensive, but it has already been shewn that single sedimentary 
bands intercalated in the traps, can rarely be traced for more than three 
or four miles, and the character of the fauna, in both the groups of in- 
tertrappean formations, — those of Central India and those of Bombay, — is 
in favour of the animals of which the remains are found having in- 
habited shallow marshes rather than deep lakes. 

Horizontal traps difficult to explain. — We are thus thrown back 
upon our original diflSculty, the horizontality of the Deccan traps. It has 
been shewn that this is not due to a subaqueous origin, whether marine 
or fresh-water. At the same time the phenomenon cannot be said to 
have been thoroughly explained, because no such formation is known to 
be in process of accumulation at the present day. Many such masses of 
horizontal stratified traps are, however, found in various parts of the 
world, and although it is impossible for want of recent examples to de- 
monstrate the circumstances which cause their formation in place of 
volcanic cones, there is abundant evidence that such traps were in past 
times a common form of volcanic accumulation, and moreover that 

1 By both the writers named the intertrappean beds of Bombay were supposed to be 
identieal with those of Central India, and both were under tlie impression that there was but 
a solitary fresb-water bed which was deposited before any volcanic outbursts took place, 
which was then covered up by lava flows, and finally separated from the underlying rocks, 
and broken up by a great sheet of intrusive basalt injected beneath it. 

The geologists named would doubtless have modified their views had they been 
acquainted with all the facts now ascertained with regard to the Deccan traps and the asso- 
ciated sedimentary beds. The conception of a great sheet of intrusive basalt so injected 
between two formations that it always overlies the one and underlies the other, over an area 
of thousands of square miles, is quite untenable. It is a physical impossibility that an immense 
dyke should be injected for hundreds of miles instead of breaking through to the surface. 
Moreover, the fact that successive sedimentary beds, as in the case at Mekalgandi Qh^t^ 
mentioned on page 313, are often of different mineral composition, and the very frequent 
instances in which the upper surface of a sedimentary band is altered, whilst the lower is 
unchanged, prove that both lava flows and sedimentary “ intertrappean” beds were regularly 
and successively formed, oue above the other, as they now occur. 
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similar stratified lava flows were not confined to any particular epoch, 
although several instances are known of about the same geological ago 
as that attributed to the Deccan outbursts. 

Volcanic foci. — Assuming therefore, as we are justified in doing, 
that tlie horizontal dolerites of Western and Central India precisely re- 
semble modern lavas in everything except their horizontality and the 
extent of area which they have covered, it remains to be seen what 
evidence there is of the sources from which this enormous accumulation 
of molten materials was poured out. The original cones and craters, if 
any over existed, must have been the first portion of the volcanic area 
to suffer from denudation, and it is easy to conceive that subaerial 
erosion, from eocene times to the present, would have more than sufiiced 
to remove every trace of the loose material of which volcanoes are 
chiefly composed. Still it is surprising that the inclined beds forming 
the slopes of a volcanic cone should in no single case have been 
recognized as having been preserved by being encased in subsequent 
outbursts of harder materials. Possibly the tendency of great lava 
streams to sweep away all loose volcanic materials, may suffice, in 
those cases in which large quantities of lava are poured out, to prevent 
volcanic cones from forming. 

When, however, we look for other evidence of the neighbourhood of 
igneous outbursts, we find dykes and irregular intrusions abundant in some 
localities, rare or absent in others, whilst the presence of volcanic ash 
throughout a large portion of the trap area has already been noticed. The 
ash-beds, especially when, as usually happens, they form a coarse volcanic 
breccia, containing blocks several inches in diameter, cannot have accu- 
mulated far from volcanic vents, although they may have been trans- 
ported to a much greater distance floating on the surface of molten lava, 
than they could have been ejected from the volcano. 

A much closer examination of the Deccan area than has hitherto been * 
practicable will be requisite before the distribution of dykes and ash beds 
can be considered as even approximately known. So far as the country 
has hitherto been examined, both appear to prevail much more largely in 
the region near the coast, from Mahableshwar to the neighbourhood of 
Baroda, than in other parts of the trap area. It is, of course, very often 
difficult to recognise dykes amongst rocks of precisely similar mineral cha- 
racter, much closer search being needed than is requisite in order to detect 
volcanic intrusions amongst sedimentary formations. It is only where 
dykes are large and numerous that attention is likely to be directed to them. 

There is one tract of country in which dykes are peculiarly large and 
abimdant. This is in the Bajpipla hills, north-west of Surat. In this 
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country, over a considerable area, very large parallel or nearly parallel 
basalt dykes are found, sometimes not more than 200 or 300 yards apart, 
the general direction being east by north to west by south. The traps 
are much disturbed, and frequently dip at considerable angles. 

To the southward of the Tapti, along the line of the Sahyfedri, and 
its neighbourhood, in Western Khandesh, the Northern Konkan, and the 
small intermediate native States, a tract of which the geology is 
unknown, it is probable that dykes may continue numerous for a con- 
siderable distance, as their number and size in the Konkan, north-east of 
Bombay, are especially noticed by Mr. G. T Clark,^ but intrusions are 
far from abundant in the lava flows exposed in the higher country 
east of the Ghats, although a few occur. At the same time the frequent 
occurrence of ash beds in the higher traps around Poona and 
Mahableshwar sufficiently attests the neighbourhood of the old vol- 
canic vents.* 

North of the Rdjpipla hills and of the river Narbada, and west of 
Baroda, trap dykes arc not so common as in the Rajpipla hills, but in- 
trusive masses occur ; one of these, forming Matapcnai or Kurali hill, 
about 14 miles south-west of Chota Udcpur, is a mass of grey trachyte 
or trachy-dolcrite, containing enormous masses of granite, evidently 
derived from the metamorphic rocks through which the mass, when 
molten, passed on its way to the surface. The siliceous character of the 
intrusion in this and some other cases is perhaps due to the fusion of 
quartzose metamorphic rock in the basic dolerite. Another trachytic core 
was noticed near the village of Pudwani, 18 miles west of Broach, The 
occurrence of fragments derived from the metamorphic rocks in in- 
trusive dykes is by no means an uncommon occurrence. 

It is only natural that far better evidence of volcanic foci is to be 
found outside the trap area, or in the inliers of older sedimentary rocks ex- 
posed within the main boundary, than amongst the lava flows themselves, 
and it may therefore be useful to point out very briefly the distribution of 
such intrusive masses so far as the country is known. Commencing to 

» Q. J. G. K XXV, p. 164. 

3 Mr. Clark, he, cit,, states that a series of such vents running north and south actually 
exists in the Konkan. The only reasons for doubting whether his views are quite accurate 
are that he repeatedly writes of vents, whilst the present cores of the old foci usually stand 
out as hills, that he apparently looks upon the western dip of the Bombay traps as their 
original slope, although the inclination of the interstratified sedimentary beds shows that 
the dip is due to subsequent disturbance, and that he does not appear to be aware that the 
scarps of the ghdts are due to denudation, and that consequently an immense thickness of 
beds has been removed from above the surface of the Konkan. His observations on the 
dykes are excellent and evidently trustworthy. 
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the north-west, no trap dykes have been found in Sind, where, however, the 
deposits of older date than eocene cover an exceedingly small area. In 
Cutch, however, throughout the jurassic rocks, intrusive masses of basalt 
and dykes of large size abound, and some of the former rise into hills of 
considerable size.' Kattywar has been but little explored, and theabundance 
of intrusive trap in the lower Narbada valley has already been mention- 
ed. Throughout the northern edge of the trap country in Bajpiitana, 
Gwalior and Bundelkhand, dykes are rare or wanting, but they abound in 
some of the areas of older rocks exposed in the Narbada valley, and 
they are especially common in the Gondwana tract, south of the river, in 
the neighbourhood of the Mahadeva hills. Farther to the eastward 
they are less numerous, but some occur throtighout the upper Son 
valley, and they gradually die out in Sirguja and Palamaun (Palamow) 
only 200 miles west of the ground in which the older lava flows of 
Rajmahal age are seen, and within less than 100 miles of the Gondwana 
basins in the upper Damuda valley, which arc traversed by basalt dykes 
probably of the same age as the Rajmahal traps. Passing southwards 
from Jabalpur and Mandia, however, there is a total absence of volcanic 
intrusions amongst the Vindhyan and Gondwdna formations of Nagpur 
and Chanda, and none have as yet been noticed in the neighbourhood 
of the Pranhita and Godavari between Chdnda and Rajfimahendri. 
The country south of the Godavari and north-west of Hyderabad is 
still imperfectly known, but in the South Muhratta country, and the 
Konkan near Vingorla, the few dykes which have been observed 
traversing the unmetamorphosed azoic strata are but doubtfully con- 
nected with the Deccan traps. Ashes, moreover, are much less abundant 
in this region, amongst the Deccan flows, than they are further north. 
We have thus abundance of evidence of the former existence of 
volcanic foci in Cutch, the Rajpipla hills and the lower Narbada valley 
and probably in the neighbourhood of the Sahyadri range east and north- 
north-east of Bombay, whilst there is every probability that vents ex- 
tended to the eastward as far as South Rewah and Sirgri ja ; but there 
is no evidence of any having existed in the Nagpiir countiy or to the 
south-east. Yet, as the traps are found represented at Rajamahendri, it 
appears probable that they once extended over all the Goddvari valley. 
Still, it is quite possible that the Rajamahendri outlier may have been 


1 One of these, called Denodhar, was described originally as a volcano. Trans. G. S., Ser. II, 
Vol. V, p. 316, and the statement that it is an extinct crater has been repeated in numer- 
ous geological works. The hill is very probably the basaltic core of an old volcano, hut its 
date is anterior to that of the nummulitic formation. Its crateriform appearance is due to 
denudation. 
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originally isolated and derived from a centre which has not been dis- 
covered. 

It is, however, very clear that the lava flows must have extended to an 
enormous distance from the vents through which the molten material was 
poured out. The neighbourhood of Nagpur and Chanda have been 
examined so closely that the improbability of any intrusions of igneous 
rock having been overlooked is much greater than in most parts of the 
country. Trap-dykes are rarely solitary ; they are, as a rule, abundant in 
the neighbourhood of volcanic foci. It is known that the comparatively 
moderate outbursts from existing volcanoes flow to great distances from 
their source. The excessive fluidity of the Deccan traps is proved by 
their horizontality, for they must have been poured out in immense sheets 
of but slight thickness, but of great horizontal extension, and it is difii- 
cult to form an accurate idea of the distances to which they may have 
flowed before consolidating. Further observations are necessary before 
all the sources of the great volcanic series of W estern India can be said 
to have been even approximately determined. 

Geological age of the Deccan traps. — The question of the geo- 
logical age to be assigned to the Deccan volcanic outbursts has been left to 
the last, because it was desirable to precede it by a full statement of all the 
facts upon which a conclusion may be founded. The evidence to be re- 
capitulated is twofold, that founded on the affinities of the fossils found 
in the various intertrappean rocks, and that derived from the relations 
of the stralified traps to beds above and below them. It is, of course, 
clear that the traps rest upon cretaceous beds and are overlaid by num- 
mulitics, and the only question is whether the lava flows are cretaceous or 
eocene. 

The most important clue to the correlation of the volcanic rocks with 
the known series of fossiliferous deposits might be expected to be obtained 
from the marine beds associated with the volcanic formations at Baja- 
mahendri. This, however, as has been already shewn in the description of 
the sedimentary beds, proves of little service. So far as is hitherto 
known, the relations of both the infratrappean and intertrappean faunas 
are with the cretaceous rather than with the tertiary beds, but the points 
of connexion, in the latter case especially, are quite insufficient to decide 
the affinity of the formations. 

Turning to the fresh-water fauna of the intertrappean beds, the first 
difficulty is, of course, the same as in the case of the Gondwanas, the 
question arises what dependence is to be placed upon terrestrial animals 
and plants as a guide to geological age. In the case of the Gondw&na 
formations it has been shewn that forms characteristic of particular epochs 
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in Europe occur in a very difPerent position in the geological sequence 
in India, and it is, therefore, necessary to be cautious in accepting con- 
clusions founded upon slight evidence. There is a very marked similarity 
between some of the fresh-water mollusca of the Deccan intertrappcans 
and species found in some beds of plastic clay age (lower eocene) occur- 
ring at Rilly-la- Montaigne in Northern France^ one species of P. 

giganfeay from the latter locality being considered by some pateontologists 
identical with the Indian P. prinsepii. This identification is, however, to say 
the least, extremely doubtful, and the fauna of the Rilly beds appears more 
recent than that of the Deccan intertrappcans. Other resemblances be- 
tween ihe plants and fish of the intertrappean beds and those of the London 
clay have also been indicated, and a Phpsa, said to be allied to P, prinsepii y 
has been found in the nummulitic rocks of the Himalayas, but even the 
generic identification in the latter case is far from certain.® This evidence 
only suffices at the most to shew an approximation between the age of the 
Deccan trap and the lower eocene, and is quite insufficient to prove 
whether the former should be classed as uppermost secondary or lowest 
tei-tiary. On the other hand, the very probable connexion already shewn 
to exist between the Lameta group and the Bdgh beds on the one hand, 
and the occurrence in the Lametas of intertrappean fossils on the other, 
furnish a connecting link between the lower traps and rocks of middle 
cretaceous age. 

The relations between the traps and the underlying cretaceous beds 
of the lower Narbada valley have been already described. There is 
general conformity, with local unconformity, due to slight and apparent- 
ly subaerial denudation of the underlying beds. In a very few localities 
also the latter appear to have been disturbed before the formation of 
the lowest traps. Between the highest volcanic beds and the nummu- 
litic rocks of Surat and Broach, the break appears to be much greater, 
not only do the tertiary rocks rest upon a largely denuded surface of 
the traps, but they are in a great measure composed of materials 
derived from the disintegration of the lava flows, the lowest tertiary beds 
being frequently coarse conglomerates of rolled basalt fragments, whilst 
beds, hundreds of feet in thickness, are chiefly composed of agates 
derived from the traps. This, however, although it proves that great 
denudation of the volcanic rocks took place during the deposition of 

1 Mem. Soc. Geol.do France, Ser. II, Vol. Ill, p. 265. The genera fonnd at Rilly-la- 
Moniaigne, are Cgclas, Ancglus, Vttrina, Helix, Pupa, Clausilia, Megaepira, Bulimus, 
Achatina, Auricula, Cyclostoma, Paludina, Physa, Valvata, The migority of these genera 
are terrestriiil forms. 

3 D’Archiac and Haime : Desc. An. Foss. Nnm. de Tlnde, p. 277. 



Peninsular. ] geological age of the deccan traps. 


381 


the nummiilitic formations, does not necessarily imply a great break 
and an interval of disturbance prior to the commencement of the tertiary 
epoch, because the traps, being of subaerial origin, were, unlike most 
sedimentary rocks, subject to erosion from the period of their formation. 
The unconformity at the base of the traps, however, is distinctly marked, 
and appears to shew a great break in the sequence. The lowest tertiary 
beds near Surat contain fossils which appear to be a mixture of middle 
and lower eocene forms (Khirthar and llanikot).' 

Farther to the westward, in Cutch, the rocks at the base of the 
tertiary group resting upon the trap are locally conformable, and they 
have even been considered ^ to be partially volcanic, but, as will be shewn 
in the next chapter, there can be no doubt that a break, marked by 
unconformity, exists between the two series. It appears most probable, 
too, that the lowest tertiary beds are really composed of detritus derived 
from the volcanic rocks, as all appear to be of sedimentary origin, and 
no instance has been noticed of intercalation with the lava flows. The 
great difficulty of distinguishing between volcanic ash and the detritus 
of igneous rocks when mixed with ordinary sediments, especially where, 
as in Cutch, the rocks are much decomposed, is too well known to 
require comment. The beds immediately resting upon the traps are 
of older date than the nummulitic limestone. The trap rests uncon- 
forrnably on neocomian and Jurassic formations. 

In Sind the very thin representatives of the Deccan traps may, of 
course, only represent a small portion of the period during which the 
volcanic rocks were in process of accumulation further to the eastward. 
One baud rests conformably upon cretaceous beds, the exact horizon 
of which has not been ascertained, and is overlaid, equally conformably, 
by strata which arc of very old tertiary date, if indeed they be not 
intermediate between tertiary and cretaceous, whilst a second bed of trap 
is found about 700 feet lower, interstratified with cretaceous sandstones. 

It will be seen, therefore, that whilst it is clear that the Deccan 
traps were poured out in the interval between middle cretaceous and 
lower eocene, the evidence tends to shew that the lowest volcanic out- 
bursts were of cretaceous age, because they appear to differ less in age 
from the middle cretaceous beds of Bagh than the highest traps do 
from the lower eocene formations of Surat. That an immense period 
of time was occupied by the accumulation of the successive volcanic 
outbursts is manifest ; long intervals must have elapsed between suc- 
cessive flows in all those cases in which fossiliferous sedimentary beds 

1 For explanation of these terms, see a subsequent chapter on the geology of Sind. 

* Wynne : Mem, G. S. I., IX, p. 66. 



332 


GEOLOGY OF IXDIA—DECCAN TRAP SERIES. [ Chap. XIII. 


are intercalated, for these intervals were sufficient to enable lakes to be 
formed and stocked with life, and in other cases for rivers to cut beds 
in the lava flows, and to fill up those beds with gravel and sand. It is 
by no means improbable that whilst the lower lava flows were upper 
cretaceous (turonian or senonian) the uppermost, including the inter- 
trappean beds of Bombay, may have been contemporaneous with the 
lowest eocene deposits. As a whole, however, the Deccan trap series 
appears to be more probably upper cretaceous than tertiary. 

Probable conditions prevailing during Deccan trap epoch — 
Recapitulating the whole evidence, so far as it is presented to us by 
the observations hitherto made, we find that a great area of the Indian 
Peninsula, in times subsequent to middle cretaceous, formed part of a 
land surface, very uneven and broken in parts, but apparently chiefly 
composed to the eastward of extensive plains, which, by some slight 
changes of level preceding the volcanic period, were converted into lakes. 
There is much probability that springs charged with silica were common 
either at this epoch or shortly after. The lakes had apparently been 
drained, and the deposits, which had accumulated in them, had locally 
been subject to denudation before the first outbursts of lava took place ; 
these occurred at considerable intervals, small and very shallow lakes 
or marshes being formed in the meantime by the interruptions to the 
drainage produced by lava flows, or by changes of level accompanying 
the volcanic eruptions. In these lakes a rich fauna of fish, mollusca, 
entomostracous Crustacea and water plants existed, whilst a varied and 
probably a rich vegetation occupied the surrounding country. There 
is evidence of the existence of insects and of reptiles (whether terrestrial 
or aquatic has not been determined) , but hitherto no remains of mammals 
or birds have been found — a circumstance which by no means proves 
that they did not exist. Fresh flows of lava filled up the first lakes, 
and covered over the sedimentary deposits which had accumulated 
in the waters ; but these very flows, by damming up other lines of drain- 
age, produced fresh lakes, so that several alternations of lava and sedi- 
mentary beds were produced in places. Gradually the lakes seem to have 
disappeared ; whether the lava flows succeeded each other so rapidly that 
there was no time for the accumulation of sediment in the interval, Cr 
whether, as is more probable, the surface had been converted into a uni- 
form plain of basalt by the enormous lava streams which had been 
poured out, it is difficult to say, but no further traces of life have 
hitherto been found until towards the close of the volcanic epoch. It 
is possible that at the end, as at the commencement of the period, the 
intervals between eruptions became longer, and the animal and vegetable 
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life which may have been seriously diminished, or altog^ether driven out 
of the country, during the rule of igneous conditions, resumed its old posi- 
tion, but great change had taken place in the long interval, the old 
lacustrine fauna had died out, and the animals and plants which now 
appeared in the country seem to have differed from those which had 
formerly occupied it. Lastly, in the north-western portion of the area, 
parts of the volcanic country were depressed beneath the sea, and marine 
tertiary deposits began to be formed from the detritus of the extinct 
volcanoes and their products. A great tract of the volcanic region, 
however, ap|jears to have remained almost undisturbed to the present 
day, affected by subaerial erosion alone, and although probably for a 
time at a lower elevation than at present, never depressed beneath the 
sea -level. 
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CHAPTER XIV. 

PENINSULAR AREA. 

TERTIARY ROCKS. 

Distribution of tertiary strata in the Peninsula — East coast: Cuddalore sandstones — West 
coast ; Travancore limestones, sands, clays and lignite — Ratnagiri plant beds — Tertiary 
beds of Guzerat — Eocene beds of Surat — Higher teriiarios of Surat and Broach — 
Kuttywar — Ossiferous beds of Perim Island — Cutch — Subnuiiiinulitic group — 
Gypseous shales — Kummulitic — Arenaceous group — Argillaceous group — Upper 
tertiary — Jesalmir. 

Distribution of tertiary strata in the Peninsula.— The tertiary 
rocks of the Indian Peninsula cover but a small area, and are confined 
to a narrow fi'ingc found in places in the neighbourhood of the coast. 
The ossiferous deposits of the Indian river valleys are now consider- 
ed post- tertiary, and the geological age of the laterite or iron clay 
which is found capping many of the Indian plateaus is quite uncer- 
tain, and it is, therefore, best to describe all forms of lateritic rock 
8ei)aratcly. 

In the extrapeninsular area, in Burma, Assam, the Punjab, and 
especially in Sind, on the other hand, there is a suj)erb development of 
tertiary rocks, and although, for the sake of uniformity of arrangement, 
it is best to describe the tertiary beds of the Peninsula apart from those 
found beyond the Indus and Ganges, it must be understood that the only 
important fossiliferous marine formations in the Peninsula, of later date 
than the Deccan traps, are found in Western India, and are a mere pro- 
longation to the south-east of the Sind and Cutch tertiaries. 

There are but five regions of India in which tertiary rocks will 
require to be noticed in the present chai)ter. These regions are all on 
the outskirts of the peninsular area, and all in which marine fossils 
have been detected are cither along the west coast, or on the border of 
the Indus valley. In the interior of the Indian Peninsula no trace of a 
marine tertiary formation has hitherto been detected, and it appears 
probable that the peninsular area was land during tertiary, as* it was 
for the most part during mesozoic and probably in palaeozoic times. The 
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tertiary outcrops on the margin of Peninsular India may be thus 
classed — 

(1) — East coast of the Peninsula (Cuddalore sandstones). 

(2) — West coast of the Peninsula, Travancore (and Ratnagiri ?). 

(3) — Guzcrat (Surat, Broach, Perim Island, Kattywar). 

(4) — Cutch. 

(5) — Jesalmir. 

Only three of these — the Cuddalore sandstones, the tertiary beds of 
Guzerat, and those of Cutch — are sufficiently developed or sufficiently 
known to be of importance ; of the other occurrences but little has been 
ascertained. 

East Coast : Cuddalore sandstones.— Along the eastern coast of 
the Peninsula, from the neighbourhood of llajamahendri to beyond 
Tanjore, and probably farther south, a peculiar formation, consisting 
chiefly of sandstones and grits, is found underlying the laterite which 
forms a low slope on the edge of the coast alluvium. This sandstone 
formation has received several local names, but has of late years generally 
been known as the Cuddalore sandstone,^ from being well devcloj^ed in 
the neighbourhood of the civil station of Cuddalore (Gudaldr) on the 
coast, about 1 00 miles south of Madras. 

Tlie greater portion of the Cuddalore group, throughout the area in 
which it is found, consists of gritty and sandy beds, sometimes highly 
ferruginous, and coloured of various tints of yellow, brown, red and purple, 
sometimes white or pale coloured, and not unfrequently mottled. In some 
cases the rock is argillaceous, and occasionally thin bands of clays or 
shales are interstratified. The beds are soft, loose-textured, and, as a 
rule, ill-consolidated, being rarely sufficiently compact to be used as 
building stone. Bands of (*onglomerate have been found. 

As already stated, these beds have been traced throughout a large 
portion of the east coast. Their most northerly extension known is 
between Vizagapatam and Rajamahendri. The coast north of Vizaga- 
patam as far as the Chilka lake has not been examined geologically, and 
throughout Orissa no outcrops of the Cuddalore beds have been detected . 
but there is a possibility that they may be represented by some clays and 
sandy beds associated with the laterite of Midnapur.* There is rather 
more probability that the sandstones, grits and clays, already briefly 
mentioned® in the description of the Raniganj coalfield as occurring 

* For further information, see H. Blanford: Mem. 0. S. I., IV, pp. 166-179; King 
and Foote : ib., pp. (256), (268) ; and B. B. Foote : »6., X, pp. 59-60. 

2 Mem. G. S. T., I, p. 268. 

^ Ante, p. 184. 



33G 


GEOLOGY OF INDIA— TERTIARY ROCKS. 


[Chap. XIV. 


east of RSniganj, and extending to the northward as far as Soory in 
Birhhrfm, belong to the same group as the tertiary sandstones of Madras. 

Prom the neighbourhood of Rajdmahendri the Cuddalore beds have 
been mapped at intervals for fully 500 miles to the southward along 
the eoast. They usually form a low slope, dipping at a very slight 
angle towards the eastward or in the direction of the sea, and are, as a 
rule, much covered and concealed by laterite. To the westward they rest 
indifferently upon rocks of various ages, metamorphic, Jurassic, or creta- 
ceous, but always unconformably, and they very often terminate in this 
direction in a low scarp. To the eastward they disappear in places, with 
their capping of laterite, beneath the alluvium of the coast, but they 
quite as often, especially to the southward, terminate in a small cliff. 
Their outcrop is repeatedly interrupted by the broad alluvial valleys of 
rivers, and in some places, as for nearly 100 miles south of Madras, they 
appear to be wanting altogether, whilst in other parts of the country 
they form a broad tract raised above the general level, usually sandy 
and infertile, occasionally, as near Cuddalore, no less than 25 miles wide 
from east to west, but in general much less. South of Tanjore these 
beds have not been mapped, but there is no doubt that they extend for a 
considerable distance towards Cape Comorin. 

From the paucity of sections and the extent to which the Cuddalore 
sandstones are concealed by laterite and sandy soil, their absolute thick- 
ness can nowhere be estimated with accuracy. The scarp in which they 
terminate to the westward is sometimes as much as 100 feet high, 
and they must be somewhat thicker than this, but it is doubtful if they 
attain any considerable thickness. They are perfeetly undisturbed, and 
have all the appearance of being a comparatively late formation. 

The only fossils found in the Cuddalore beds consist of exogenous 
silicffied fossil wood, some of which is coniferous, and has been described 
under the name of Fence schmidiana} The genus Pence is not 
acknowledged by all palaeo-botanists, and it appears too ill defined to justify 
any eonclusions as to the age of the rocks being founded upon its 
occurrence. 

This silicified wood is especially abundant at Tiruvakari (Trivicary), 
about 14 miles west-north- west of Pondicherry, whence the name of 
Trivicary grits applied by some writers to the local development of the 
Cuddalore sandstones. The trunks of trees occurring at this place are 
of large size, one having been found as much as 100 feet in length, 
whilst stems 15 to 20 feet long and 5 or 6 feet in girth are not un- 
common. They occur prostrate, embedded in ferruginous grit. 

* ScliuiuU and Sclilcidcn ; “ Uber die Natur dcr Kicsclbdlzcr/’ Jena, 1855, pp, 4, 36. 
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The age and mode of origin of the Cuddalore sandstones are obscure, 
as but little importance can be attached to the identification of one 
generic form of coniferous wood. They are quite unconformable to the 
cretaceous beds, which they ovcrlaj) in a most irregular manner, as near 
Pondicherry, where, near the town itself, they form the plateau known 
as the Red Hills,^^ and rest on beds of the Arialiir group j 6 miles 
farther westward and west of the belt of cretaceous rocks, they are seen 
near Tiruvakari resting on Utatur beds, whilst a few miles farther 
west they completely overlap the cretaceous rocks and rest on gneiss. 
Fragments derived from the cretaceous beds and containing cretaceous 
fossils have been found near Tanjore. Near Rjijamaliendri the Cudda- 
lore sandstones similarly overlie the Deccan traps, the Jurassic rocks 
and the gneiss. It is safe, therefore, to conclude that the sandstones are 
of tertiary age, but it is impossible to assign them a definite place in the 
tertiary scries. 

The origin of these rocks is as obscure as their date. Occurring as 
they do parallel with the coast, it is natural to su]) 2 ^osc that they are 
of marine origin, and have been formed near the shore when the level 
of the land was somewhat lower than it now is, allhongh the general 
contour of the coast was the same. But the cumj)lete absence, so far 
as is known, of all marine remains, is not easy to exi)laiu. Coarse sand- 
stones and grits are usually unfossil if erous, but in beds which have 
undergone so little change, some casts of shells, at least, would i)robably 
be found in the more argillaceous strata if they were of marine origin. 
At the same time it is not easy to conceive any other in*obablc mode of 
formation. It is difficult to suppose that the western coast of the Bay 
of Bengal can have formed part of a river valley in tertiary times, 
and it is equally imj^robablc that stratified grits, sandstones, and conglo- 
merates, like those of the Ci^ddalorc beds, can be a form of subaerial 
wash. 

Travancore limestones, sands, clays, and lignite. — The only 
information yet published on the occurrence of tertiary beds near 
Travancore is comprised in some notes sui)plied by General Cullen to 
Dr. Carter, and published by the latter in his Summary of the Geology 
of India.^^^ Beneath the latcrite of the neighbourhood of Quilon (Kulam), 
at a depth of about 40 feet from the surface, grey fossiliferous lime- 
stone (or dolomite according to General Cullen) is found, partly com- 
I)act and partly loose and rubbly. This limestone is exposed beneath 

> Journal, Bombay Br. R. A. S., V, p. 301 ; and ** Geological Papers on Western India,*' 
pp. 740, 74i3, and footnote, pp. 743>744, This footnote is an addition to the original 
summary. Travancore has not yet been examined by the Geological Survey. 

W 
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a laiorite cliff near the coast 4 or 5 miles north-east of Quilon, and 
ihe same rock has been found in the neighbourhood of the town at a depth 
of about 40 feet in numerous wells, many of which were sunk or 
deepened by General Cullen for the purpose of ascertaining the presence 
of the limestone. Further south, near Varkalay, lil to 14 miles south 
of Qiiilon, the cliffs on the coast expose, beneath the laterite, beds of 
brightly coloured sand and clays with bands of lignite. The sandy beds 
overlie the lignites and clays. The lignite beds abound in fossil resin 
and iron pyrites, both in lumj)s of considerable size. 

The limestone contains marine shells in abundance, amongst which the 
following species were recognised by Dr. Carter : — 

Sfromhus foriisi, ! Jianella lif/o, 

Cassis scnlpfa, ! Conus catennlaiuSj 

yointa jugosuy j C*. marginatas , 

Cerithium mde, 

besides species of several other genera resembling forms found in the 
tertiary beds of Sind and Cutch. A species of Orbitolites (?) was also 
described by T)r. Carter as 0. malaharica. All the mollusca identified 
belong to species occurring also in Cutch and Sind, and, so far as is known, 
in beds of later date than the iiummulitic limestone. No plants appear 
to have been collected from the lignite beds. 

Further examination of the Travancore beds and comparison of the 
fossils is, however, necessary before the age of these rocks can be con- 
sidered as ascertained with sufficient precision. The interest attached 
to the subject is, of course, increased by the possibility of these fossili- 
ferous tertiary deposits of Travancore representing the unfossiliferous 
Cuddalore sandstones ; the relations between the two, wdiether they re- 
present each other or not, will perhaps be determined by tracing both to 
the southward. • 

Batnagiri plant beds. — Another deposit of obscure date and origin 
has been found beneath laterite at Katnagiri (Tlutnagherry) on the 
western coast.^ There is but little evidence to connect this deposii; with 
the Travancore beds, but, owing to some similarity of mineral character, 
the presence of lignite in both, and the circumstance that both underlie 
laterite, they have been classed together. 

In various quarry and well sections near the 1 owm of Batnagiri, 
iherc are found, beneath a considerable thickness of laterite, (35 feet in 
one case,) white or blue clays with thin carbonaceous seams. Some of 
the cljiy is said to be sandy or gravelly ; above the deposit is a layer of 

‘ Curler : .Toiiniul, Rom. Rr. R. A. S., p, (J26, and " Geological Tapers on W'estcni 
India/* p. 722, footnote; Wilkinson : Rcc. G. S. I., IV, p. 44. 
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hard ironstone^ about an inch thick in places, hut said sometimes to he 
thicker. In the clay and lignite fruits and leaves are found, together 
with mineral resin and pyrites as at Travancore. No specimens of the 
organisms found appear to have been collected. 

The beds are only a few feet thick (27 in one section measured by 
Dr. de Crespigny), and rest unconformably upon Deccan trap. 

Tertiary beds of Guzerat, — ^Ncar the coast of the Gulf of Cambay, 
in the country between the rivers Tapti and Narbada, a few outcrops 
of the marine tertiary rocks are found, resting upon the Deccan trap, 
although the greater part of the country west of the trap area is con- 
cealed by a thick coating of black soil.^^ These outcrops arc the com- 
mencement of the great tertiary belt which, fringing tlic coast of 
Kattywar and Cuteh, and extending in patches over tlie older rocks inland, 
rises into a lofty range of hills on the western frontier of Sind, and 
extends to the Himalayas in one direction and through Persia to the 
Caucasus on the other. 

Recently, the examination of Sind has enabled the very fine scries 
of tertiary rocks exposed within that i^rovince to he classed in the follow- 
ing groups.^ 


1. Maiichhar or Siwalik 

2. Gaj 

3. Nari 

4. Khii-tliar . 

5- Raiiikot . 


PI 10(^011 c find upper miooenc, 
Miomip, 

Lower mioceiic or u))per co(?ene, 
Eocene, 

Lower eocene, 


and some attempt has been made to correlate the groups occurring in 
other parts of India. Until the fossils can be thoroughly examined, 
however, it will be impossible to determine the relative position of the 
diiferent beds in distant regions with accuracy. It is evident that the 
groups named above are more or less local, and although they arc per- 
fectly distinct in parts of Sind, there is a tendency to a passage between 
all of them in other parts of the province, and it is quite uncertain how 
far the tertiary rocks beyond the limits of Sind can be arranged in the 
same sub-divisions. At the same time, as many characteristic fossils are 
known from all the grou 2 >s named, these divisions serve as a standard to 
which the tertiary strata of Western India, and perhaps of the countries 
to the north-east and cast of the Bay of Bengal, may be approximately 
referred. 

The tertiary rocks in Surat and Broach - are almost confined to two 
tracts of country, separated from each other by the alluvium of the 

1 For particukirs sec Chapter XIX, on the Geology of Sind. 

2 For a fuller description, see Mem. G, S. L, VI, pp. (323)-(227) and (356)-(373). 
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river Kim, a small stream running to the sea from the llaj|)ii)la trap area. 
The soiilhern area is smaller, extending about 10 miles north from the 
Ta])ti river, and being about 15 miles broiul from east to west the 
(dher area, between the Kim and Narbada, extends about 30 miles from 
north-east to south-west, and about 12 miles across where widest. In 
both, the few good ex})osures of rock which occur arc to the eastward. 

Eocene beds of Surat. — At the base of the tertiary formations 
north-west of Surat are thick beds of ferruginous eday, assuming, where 
exposed, tlie characteristic brown crust and pseudo-scoriaceous character 
of laterite,' from which they differ in no respect. These beds at first 
sight appear to be of volcanic origin, an idea which is strengthened by 
the neighbourhood of the traps on which they rest, but close examination 
has shewn that they arc really sedimentary deposits, although composed, 
in all ]n'ol)ability, of materials derived from the disintegration and 
denudation of the trap. With them are interstratified beds of gravel 
or conglomerate, containing agate pebbles, (the agates being derived 
from the traps,) and limestone, sometimes nearly pure, but more fretpicntly 
sandy, argillaceous or ferruginous, and abounding in nummulites and 
other fossils. The thickness of the whole can only be roughly estimated 
as between 500 and 1,000 feet. 

These beds are well seen on the banks of the Tapii below Bodluin, a 
village 18 miles cast by north from Surat. They extend thence to the 
northward through Tarkesar to the Kim alluvium, and again north of 
the Kim to the neighbourhood of a village called Wagalkhor, about 
24 miles north -north-east of Bodhan, and 17 east by south of Broach. 
North of this they appear to be overlapped by higher beds. 

The nummulitic limestones and their associates are distinctly uncon- 
formable to the underlying traps, and rest upon the denuded edges of the 
latter. Amongst the fossils found in the lower tertiary beds arc Nummu^ 
lites ramondiy PI. XV, fig, 12, N. ohtusa (fig. 13), iV. exponens (or N. 
granulosa y fig. 14,) Orbiioides dispansa (fig. 8), and some other species 
which are common in the Khirthar beds of Sind, together with Osirea 
jlemingiy Rostellaria presiwichiy and Natica longispiray which in Sind are 
particularly characteristic of the Ranikot group, and Vulsella legumeny 
PI. XV, hg. 4,) found in both. Some other fossils have been identified 
with species found at a higher horizon, but the identification appears 
doubtful. The nummulitic beds of Surat and Broach may safely be 
classed as eocene. 

Higher tertiaries of Surat and Broach. — ^Above the limestones 
and lateritic beds there is found a great thickness of gravel, sometimes 

^ See next chapter. 
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cemented into conglomerate, together with sandy clay and ferruginous 
sandstone, often calcareous. These higher beds arc poorly exposed in the 
Tapti river near Gallaand Karjan, 15 miles above Surat, and in the Kim 
river between Kimarnli and Elao, about halfway between Surat and 
Broach, but they are well seen in the stream which runs past Ratanpur, 
cast of Broa.ch. Here they consist chiefly of sandstone, gravel, and con- 
glomerate, with occasional beds of red and white clay and shales. The 
pebbles in the gravels and conglomerates consist chiefly of agates and 
quartzose minerals derived from the trap, and from some of these beds 
near Ratanimr, cast of Broach, the agates and carnelians are obtained 
which have from time immemorial supplied the lapidaries of Kambayat 
(Cambay) . At the base of the tertiary beds in this direction is a coarse 
conglomerate composed of large rolled fragments of basalt, but it is un- 
certain whether this bed belongs to the upper tertiary group or to the 
lower tertiaries, as, owing to the few sections exposed, it is not quite clear 
whether the lower eocene beds are completely overla])ped to tlie northward, 
or merely represented by unfossiliferous beds of a different mineral 
character. Like the underlying beds, the higher tertiary strata have a 
steady dip to the westward, and the thickness of the whole tertiary scries 
exposed near Ratanpur appears to be between 4,()()() and 5,000 feet, but 
this estimate is based on a very imperfect exposure of the rocks. Of 
course if, as appears possible, ihc lower beds are overlapped, the whole 
of this thickness consists of the upper members of the scries. 

No nummulites are found in these upper tertiary beds, and the few 
fossils discovered in them appear to differ from those in the nummulitie 
limestones below. The commonest organic remains arc valves of Balmily 
which arc also abundant in the Gaj (mioccnc) rocks of Sind. The abund- 
ance of Balani and the absence of Nummulites together form strong 
reasons for believing that the iqiper beds of Surat and Broach arc of 
later date than eocene. 

It is far from certain whether any pliocene beds arc found in Eastern 
Guzerat. They occur in Kattywar and on Perim Island in the Gulf of 
Cambay, and further search may detect them in Surat and Broach. 

Kattywar. — Very little indeed is known about the tertiaries of the 
Kattywar peninsula.^ A belt of rocks, of later age than the Deccan 
traps, rests upon the volcanic series, and forms a fringe of varying 
width, extending throughout the coast line from the Gulf of Cambay 
to beyond Porbandar, and probably to the Gulf of Cuteh. This fringe is 

• 

' The few details given arc from a manuscript report by Mr. Theobald, and from Dr. 
Carter’s “Summary of the Geology of India;” Jour. Bombay Br. 11. A. S., V., pp. 300, 
306, 313 ; and “ Geological Papers on Western India,” pp. 696, 737, 743, 756, &c. 
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generally from ii mile to about 12 miles broad; but the tertiary beds 
extend farther inland in places, as opposite the Gir and near Porbandar. 
They probably also, as in Cute h, lap round the older rocks and reappear 
to the northward on the borders of the Kan. 

Some nummulitic limestone occurs near the base of the tertiary 
scries, and above the limestone there is found a series of argillaceous beds, 
consisting chiefly of blue clay with bands of sandstone and shelly grit and 
coarse rubbly limestone, the latter containing amongst other fossils Balani 
and f enus granosa (Plate XVI, fig. 7,) both of which are in Sind common 
in the Gaj (miocene) beds. The clays arc of considerable thickness, for 
at Gogo, on the east coast of Kattywar, a boring was made in them to a 
depth of 344 feet without any lower rocks being rea(*hed. With these 
clays ossiferous sandstones and coarse conglomerates are said to be associ- 
ated. If these ossiferous beds, as is possible, represent the Manehhar (or 
Siwalik) group of Sind, the representatives of the Manehhar and Giij beds 
must be interstratified in Kattywar ; — by no means an imj)robablo eireum- 
stanee, for, as will be seen, tiiey pass completely into eacti other in Sind. 

Above the clays and ossiferous sandstones are horizontal beds of lime- 
stone and calcareous grit, with occasional layers of clay. One form of 
this rock is the Porbandar stone, called miliolitc by Dr. Carter, largely 
used for building in Bombay, and mainly composed of Foraminlfera. 
This limestone is extensively false-bedded; it is porous, soft, and easily 
worked. The only fossils found besides Foraminifera are land shells of 
recent species, of wliich a few occur in the upper beds where the Forami- 
vifera are scarce. The age of this formation is uncertain, and it may be 
|X)st-tertiary, but as alluvial deposits rest upon its abraded surface, it is 
for the yu’esent classed as possibly of late tertiary age. 

Ossiferous beds of Perim Island. — The small island of Perim’ in 
the Gulf of Cambay, opi)osite the mouth of the Narbada, but nearer to 
the coast of Katlywar than to that of Broach, has become famous from 
the circumstance of fossil bones having been discovered in considerable 
c|uantities upon its shores. The island is simply a reef of rock about 
miles long, barely half a mile broad at high water, and covered with 
blown sand. This island itself is surrounded by an extensive reef, diy at 
low water, and composed partly of conglomerate containing rounded 
blocks of sandstone, varying from 3 feet i' diameter downward, and 
partly of a coarse sandstone with a^ate yiebbics. Nodular concretionary 
pebbles of argillaceous sandstone and rolled fragments of fossil wood, 

* By some European writers on geology and otology, this island is confounded with 
another of the same name, hut far better known, in the Straits of Babclmaiideb at the 
i'ntrnnee to the Red Sen. For a description of the geology of the Indian Porim Island and 
references to former describers, see Mem. G. S. I., VI, pp. (180), (373), 
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bored by TeredOy occur with the large boulders. Both forms of rock are 
calcareous. Some fine sandstones also occur. 

The beds are in general horizontal, and they arc, as a rule, much 
obscured by a deposit of fine mud. Bones occur in the coarse sandstone 
and in the conglomerate, and the following species of mammals have 
been identified' . 

Mastodon latidens (PI. XVII, fig. 4). Brahmatherium •perimense (PI. XVIII, 

M. sivalensis (fig. 6), fig. 5). 

3f. perimensu (fig. 3). Camelopardalis, sp. 

Binotherium indicum. Capraperimensis. 

Acerotherhim perimense, Antilojye, sp. 

JHhinoceros, sp. Sus hysudricus. 

These beds appear to be slightly older than the typical Siwalik strata.® 

Cutch. — The tertiary rocks in the Cutch (Kachh or Kach) peninsula 
occupy a belt varying in breadth from about 4 miles to 20, between 
the alluvium near the coast and the older rocks in the interior of the 
country. Tertiary formations also fringe the Deccan traps and jurassic 
beds on the lx)rdcrs of the two openings Ijy which the Ban ^ to the north 
of Cutch communicates with the sea east and west of the province*; and 
jiatches of the same tertiaries are found here and there on the shores of 
the Ran, not only in the main region of Cutch itself, but also around the 
detached hilly tracts or islands, Pachham (Putchum), Kharir {Kurreer, 
&c., and in Wagad (Wagur). The evidence of unconformity between 
the eocene rocks and the Deccan traps is, therefore, very strong in Cutch, 
for the former existence of numerous volcanic vents of the Deccan age 
tlirougliout the jurassic area is proved by the presence of intrusive cores 
of basalt, and it is almost certain that the greater part, if not the whole, of 
the jurassic region must have been overflowed by trap in later cretaceous 
times.® The lava flows must have been, however, oomidetely swept 
away from the surface of the country, and the underlying jurassic rocks 
exposed, and probably in places largely eroded, before the eocene marine 
beds were deposited. Despite this strong evidence of unconformity, 
there is every appearance, along the southern border of the trap area, of 
the tertiary beds resting conformably on the lava flows of the Deccan 
period. 

^ Lydckkcr : I'ec. G. S. I., IX, p. 91. 

* Tho relations of tlie mammaliferous later tertiary deposits of India will be disenssed 
in tbc chapter on the Siwaliks of the sub-Himalayan region. 

^ See Cliaptcr XVII. 

^ Catch, it should be remembered, is an island in the monsoon, when the Ran is covered 
by water. 

® This view is opposed to Mr. Wynne's opinion. He considers that the lower eocene 
beds are conformable to the traps, and that the overlap is due to the tra]>g never Laving 
existed in Northern Cutch.— Mem. G. S. I., IX, p. 72. 
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The tortiarios of Cutcli are far better known than those of Guzerat 
and Katty war ; the materials for the first descriptions of marine fossils 
from the later Indian deposits having been furnished by the rocks of 
the present province. Attention was first directed to the Catch tcr- 
tiarics through the labours of Captain Grant, who carried with him to 
England a considerable collection of tertiary organic remains, together 
with the jurassie fossils mentioned in a former chapter. In accordance 
wdth the ideas prevailing amongst geologists at the time, he separated 
nummulitic rocks from the true tertiaries on his map,^ and the same 
distinction was preserved in the description of the fossils, but sub- 
sequently all the forms described were classed as eocene by MM. 
D^Archiac and Haime.“ The rocks of Cutch were mapped in 1867-69 by 
Messrs. Wynne and Eedden, and described by the former** : it was found 
that several distinct groups could be recognised, and that the fossils of 
these groups differed. It was afterwards discovered that the groups 
corresponded very closely to those subsequently determined in Sind, and 
although some of the fossils described as tertiary by Sowerby in the 
appendix to Captain G rant^s Memoir were apparently derived from beds 
in ter stratified with the nummulitic limestone, a large proportion are 
from a higher horizon, and are not in all probability older than miocene. 
The succession (descending) of the rocks in Cutch, according to Mr. 
Wynne, is the following, the probable Sind representatives^ being ap- 
pended in each case. The supposed European equivalents differ somewhat 
from those originally suggested^ before the cojTesponding beds in Sind 
had been examined.: — 


Cutch. 

Alluvium, blown sand, &c 

( Upper tertiary (uu- 200 to 600 ft. 
conformity) 

Argillaceous group . 800 to 1,200 „ 


Tfaitia&y, I ” 

Nummulitic group . 700 „ 

Gypseous shales . 100 „ 

\Subnummulitic . 100 

Stratified traps ...... 


Sind. 

Alluvium, &c. 
Muuchhur 

Gaj . . 

Nari (?). 

Klilrlbar 
^ Ranikot 
Trap 


Kuropoan equivalents. 
JPieistocene and recent* 
^Pliocene and wp-per 
miocene. 

Miocene. 

Lower miocene and 
upper eocene. 
Hocene. 

Lower eocene. 

Tipper cretaceous. 


Subnununulitic group. — This group consists chiefly of peculiar 
soft argillaceous beds of purple and red, mottled with white, laterite of 
various kinds, and coarse sandstones. There are also some shales with 


> Trans. Gcol. Soc., Scr. 11, Vol. V. pp. 300, 803, PI. XX. XXIV, XXV. XXVI. 
“ Dcscr. Au. Foss. Gr, Nuinra. dc Tlnde. 

^ Mom. G. S. I, IX, pp. 66-81, &c. 

Sec subsequent chapter on Siud. 

Mem. G. S. I.. IX. p. 48. 
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impressions of leaves and carbonaceous layore, and occasionally with 
gypsum. The beds of this horizon are distinguished by brilliancy of 
colouring ; white, red, lavender, purple, and orange tints prevailing. 

Some of the peculiar argillaceous beds have a distinctly volcanic 
aspect, but as they are much decomposed, it is impossible to say that 
they are really of eruptive origin. The occurrence of these peculiai* 
beds away from the traps, in. places where there is good reason to suppose 
that the traps were removed by denudation in pretertiary times, and the 
fact that beds reconsolidated from trap fragments must, when decom- 
posed, frequently be nndistinguishable from a disintegrated eruptive 
rock, render it probable that these soft mottled beds are of sedimentary 
origin and composed of volcanic detritus. Fossils are rare in the sub- 
nummulitic group, which extends along the southern edge of the traps 
in Cuheh, overlapping the volcanic rocks, however, near Lakhpat to the 
westward, and resting upon jui’assic rocks. The same group is repre- 
sented in several small patches, also deposited upon jurassic beds, on the 
borders of the Ran, both on the mainland of Cutch and on some of the 
detached hills or islands, especially south of the hills in Pacliham, Kharir, 
Bela, and Chobar, and intervening in the hollow between two ranges on 
the first-named. The group is nowhere more than about 200 feet 
thick, and it frequently docs not exceed 20 feet. Alum is manufactured 
at Mhar in Western Cutch from a pyritous shale associated with the 
present sub-division. 

Above the subnummulitic beds there are in places from TjO to 100 
feet of fine laminated shales, bituminous and often pyritous, witli 
fragments of wood and leaf impressions. All the above rocks are, 
by Mr. Wynne, classed apart from the true tertiaries, and with the 
bedded traps. It appears more probable, however, and more in accord- 
ance with the sequence in Sind, where, as in parts of Cutch, the 
beds are, as a rule, perfectly conformable, to consider the main break in 
the series as taking place between the traps and the next formation 
in ascending order. 

Gypseous shales. — This is a local and unimportant sub-division, 
not more than from 50 to 150 feet in thickness, occurring in Western 
Cutch around the Gaira hills, and in a few other jdaces. It consists of 
shales with calcareous nodular bands, with some beds of laterito, and 
with much gypsum. Some of the marly beds abound in N^immulHes 
and other Forammifera with oysters, &c. 

Numznulitic. — The next group is of more importance, being the 
representative of the massive nummulitic limestone of Sind. In Cutch 
these beds consist of pale yellow and white impure limestones in bands 
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of no great thickness, interstratified with marls and sandy beds. The 
upper portion consists chiefly of marls, limestones being more abundant 
below. Niimmulitefi and Alveolinm abound, and Echinoderms of several 
kinds; corals and mollusca are locally common. The nummulites of 
Clutch are, however, almost confined to the western part of the 
province, and occupy a band extending from Lakhpat, at the extreme 
north-west of the Peninsula, around the Gaira Hills, the western termina- 
tion of the Deccan trap range in Cutch. 

Arenaceous group. — Upon the nummulitic limestones and their 
associates there is usually found a thin and unimportant band of light 
coloured or white sand and sandy shales, having at the base some finer 
silty shales, dun or blue in colour. These sandy beds are soft, friable, 
and obliquely laminated. In the lower portion of the group the 
carapace of a small crab and casts of bivalve shells have been found, in 
the upper part impressions of dicotyledonous leaves occur. This group, 
like the nummulitic beds, is only found in Western Sind. 

Argillaceous group. — The next group in ascending order is the 
most important of all the Cutch tertiary beds, being the best developed 
and the most fossiliferous, and it is this group which yielded the bulk 
of the fossils described as tertiary^^ in the appendix to Captain Grant^s 
paper, although it appears probable that there was amongst these fossils 
some admixture of species from a lower horizon. Until the whole of 
the Cutch and Sind fossils are thoroughly compared and determined, 
some doubt must remain as to the original horizon of a few Cutch 
species, but when the forms are common to the Gdj beds of Sind, and 
arc not known to occur in older formations, it may fairly be inferred 
that they are probably restricted to the same horizon in Cutch. 

The rocks of the argillaceous group consist of sandstones at the base 
with a few nodular marly and ferruginous beds often containing 
Turritellaiy Venus granosa (Plate XVI, fig. 7) and CorbulfS, Above the 
sandy beds are marly limestones and shales, next calcareous grits, and 
then a considerable thickness of shales, clays, and marls. The most 
fossiliferous beds are the marly limestones and shales. In mineral 
character, as in fossils, these beds appear precisely to resemble the Gaj 
group of Sind. The argillaceous group is more extensively developed 
in Cutch than the nummulitics are ; it is found not only in the west of 
the province around the extremity of the jurassic and trap area, but east- 
wards, resting upon the subnummulitic group, as far as the neighbour- 
hood of Mdndvi, or about half way across the province. To the west- 
ward, however, the present group is overlapped by the next in ascending 
order. 
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Upper tertiary.— Tliis is apparently the representative of the 
Sivvalik rocks in the Sub- Himalayan tract, and of the Manchhar beds in 
Sind ; it is widely developed in Cutch, and covers a large area, but it is 
very ill seen, being greatly concealed by alluvial deposits. The principal 
beds are conglomerate, more or less ferruginous, at the base, followed in 
ascending order by thick brown sands and obliquely laminated, nodular, 
calcareous and sandy clays. Marine beds with large oysters are inter- 
calated, as in Southern Sind. It will probably be found on further 
examination that this uppermost tertiary group in Cuteh, as in Sind, 
passes down into the underlying sub-division in places, although to the 
eastward the latter appears to have been denuded before the deposition 
of the former. The upper tertiary extends throughout 

Southern Cuteh from cast to west, resting on the older tertiaries io the 
westward, but gradually overlapping them and the tra]>s to the eastward, 
and resting u])ou Jurassic rocks in the extreme east of the province. 

Jesalmir.— About 30 miles west-north- west of Jcsalmir, on the road 
to llohri in Sind, the track, which from Jcsalmir as far as this passes 
over Jurassic rocks, crosses a steep scarp of nummulitic limestone of no 
great height. The rock has a very low dip to the westward, and rests 
uneonformably upon the Jurassic beds : it is traced for a few miles 
further west before it disappears beneath the sands of the Thar, or 
desert of blown sand-hills, which forms the western boundary of Sind. 
A few small patches of limestone, however, appear from beneath the sand- 
hills further to the westward, and it is probable that the rock continues 
in this direction to llohri, where there arc low hills of the formation. The 
scarp extends for many miles to the north-east ; to the south-west it is 
covered by sand-hills. 

In the limestone some of the common nummulites, such as N, 
rmiondi (PI. XV, fig. 12), N, heaumonti and N, spira, occur in abundance. 
These arc amongst the forms characteristic of the great nummulitic lime- 
stone (Khirthar) formation of Sind. The outcrop in fact, although east 
of the Indus alluvial area, is evidently merely an outlier of the extra- 
peninsular rocks. Whether it is more extensively developed to the north- 
ward in Bahawalpur remains to be ascertained. 
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CHAPTER XV. 

TENINSULAR AREA. 

LATKlllTE OR JRON CLAY AND LITIIOMARGE. 

Latcritc — General clmrnctcrs and composition — Varieties of latcritc, high-level and 
low-level types — Lithomarge — Rcconsolidation of laterite — Infertility of Interitic 
surface — Distribution and mode of occurrence of the high-level laterite or iron clay 
in the Western Dcccan, Southern Mahratta Country, hills near the Mahanadi valley, 
Karakpur hills, Bundelkhand and llajinah^ hills — Distribution, &c., of the low-level 
laterite — Theories of origin of high-level laterite — Geological age — Possible 
Ohypothesis of origin —Origin of low-level laterite — Its ago. 

Laterite- — All who have paid any attention to the geology of India 
must he familiar with the term laterite/^ and no one can have travelled 
far in India without meeting with the substance itself. Although it 
is difficult to conceive that a rock, so widely spread in India, can be 
peculiar to the country, and to some other parts of South-Western Asia,^ 
it is uncertain if anything precisely similar has hitherto been detected 
elsewhere ; and nothing of the kind is known in Europe. The description 
of latcritc, given in many geological works, is far from accurate, 2 
although the rock has been well described by several Indian geologists.^ 

1 It is said to be extensively developed in Malacca and Sumatra, and some occurs in 
Dnrma. Voysoy states that it is found ait tbe Cape of Good Hope. It is an extraordinary 
fact that no laterite has been detected in Abyssinia, wlicrc tbe rocks throughout a large 
area of country arc precisely similar to those of tbe Bombay Deccan. 

" For instance, in LyelFs Elements (edu. 1865), pp. 598-600, this substance is classed wdtb 
igneous rocks, and thus defined : “ A red jaspery, brick-like rock, composed of silicate of 
alumina and oxide of iron, or sometimes consisting of clay, coloured with red ochre.*' At the 
same time we are indebted to Lyell for the very valuable suggestion, that the rock may be 
derived from the disintegrated detritus of lava and scoria) washed down by water. 

3 It would be difficult to give a description of any rock more clear and accurate than 
Newbold’s account of the laterite of Bidar: J. A. S. B., XIII, p. 989 (1844). See 
also J. A. S. B., XIV, p. 299, and the description of the rock generally by the same 
author in bis “ Summary of the Geology of Southern India’* ; Jour. Iloy, As. Soc., VIII, p. 227 
(1846). 

The descriptions of laterite scattered tlirough the writings of various Indian geologists 
are too numerous to quote. Amongst the more important are the following : — 

Buchanan : Journey from Mrdras through Mysore, Canara, and Malabar, II, j). 410 
(1807). 
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Prom the vciy large area in India, which is superficially covered with 
lalerite, it becomes an important formation ; and a treatise on Indian 
geology would be imperfect without a full descrij)tion of the rock. The 
geological age is, in many cases, obscure. Although there can be but 
little doubt that some forms of laterite date from tertiary, and perhaps 
from eocene, times, other forms arc unquestionably post-tertiary, some 
being in process of formation at the present day ; and as the rock is usually 
unfossiliferous, it aj^pears best to describe all the varieties together at 
the commencement of the section relating to post-tertiaiy or quarternary 
rocks. 

General characters and composition. — Laterite, in its normal 
form, is a porous argillaceous rock, much impregnated with iron peroxide, 
which is irregularly distributed throughout the mass, some forms of the 
rock containing as much as from 25 to 35 per cent, of metallic iron. 

Stirling : As. Rea., XV, p. 163 (1825). 

Christie: Ediiih. New. Phil. Jour., VI, p. 117(1820); and Mud. Jour. Lit. Sci., IV, 
p. 468 (1836). 

Caldcr : As. Res., XIX, p. 4 (1833). 

Cole : Mad. Jour. Lit. Sci., IV, p. 100 (1836). 

Voysey ; J. A. S. B., XIX, p. 273 (1850). 

Ivclaart: Edinb. New Phil. Jour., LIV, p. 28 (1853). 

Carter : Jour. Bom. Br. R. A. S., IV, p. 199 (1852) ; V. p. 264 (1857). 

Aytoun : Edinb. Phil. Jour., IV, p. 67 (1856). 

Buist : Trans. Bom, Gcog. Soc., XV, p. xxii (1859). 

The subject has also been frequently treated in the Memoirs of the Geoloj^ical Survey, 
especially in Vol. I, pp. 69, 265, and 280; II, p. 78; IV, p. (260); X, p. 27; XII, 
pp. 200-221 and 224; XIII, p. (222). 

* Tlie only analysis of laterite which appears to have hern published is one by Captain 
James of a very richly ferruginous variety from Rangoon : J. A. S. B., XXII, j). 198, 

The result given is the mean of three analyses made in the Laboratory of the School 


of Mines, London : 

SOLUBLIS IN ACinS. 

Peroxide of iron 40'279 

Alumina 5*783 

Lime *742 

Magnesia *090 

Silica *120 

Insoluble in acids. 

Silica (dissolved by potash) . 6*728 

Silica (by fusion) 30*728 

Lime, iron, and alumina 2*728 

Combined water alkalies and loss 6*802 


100*000 

This is equal to 32'4 per cent, of metallic iron. 
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This iron exists either entirely in the state of hydrated peroxide (limon- 
ite,) or else partly as hydrated and partly as anhydrous peroxide. Tlie 
surface of latcrite after exposure is usually covered with a brown or 
blackish-brown crust of linionitc, but the rock, when freshly broken, is 
mottled with various tints of brown, red, and yellow, and a considerable 
j)roportion sometimes (consists of white clay. The difference of tint is 
evidently due to the segregation of the iron in the harder portions, the 
pale-yellow and while portions of the rock, which contain little or no 
iron, being very much softer, and liable to be washed away on exposure. 
Occasionally, the white portions have a brecciated appearance, and consist 
oL‘ angular fragments in a ferruginous matrix. In this cas(', the rock 
has not unfrccjuently a compact texture resembling jasper, but it is 
never so hard as a purely silicious mineral. 

The iron peroxide not unfrequcntly occurs in the form of small 
pisolitic nodules, which, when washed out, are sometimes employed as 
iron ore. Veins and nests of black manganese have been observed by 
Newbold * in some latcriles of the Deccan. 

In many forms of latcrite, the rock is traversed by small irregular 
tortuous tubes, from a quaiix?r of an inch to u})wards of an inch in 
diameter. The tubes arc most commonly vertical, or nearly vertical, 
but their direction is quite irregular, and sometimes they are horizontal ; 
tViey are usually lined throughout with a crust of limonite, and are 
often filled with clay, except near the surface. Besides these, there are 
sometimes horizontal cracks, sometimes expanding into small cavities, 
and giving an appearance of irregular stratification to the formation. In 

The following arc assays of the quantity of iron contained in tl»c portion of latcrite 
solnhlc in acids. 

The first five and No. 8 have been made hy Mr. Mallet for tlie present work ; the other 
three are from the paper on the Latcrite of Orissa, Mem. G, S. J., I, p. 288. 




Pnrcoiitnpo of 

Poreeniape of 



metallic irou. 

iron peroxide. 

1 

High-level latcrite 

overlying Deccan trap, Araarkaiitak 

35fi 

50-8 

2 

Ditto 

from Main Pat, Sirguja 

16*6 

23-7 

a 

Ditto 

from Dupluimuli plateau, Kalahaudi> 





south of Sambalpur . 

15- 

21-4 

4 

Ditto 

from top of Moira hill in the Karak- 





pur range, south of Monghyr 

28-3 

40'4 

5 

Ditto 

from Mahuagari hill, Rajmahdl hills 

15-8 

22-5 

(\ 

Latcrite (? high-level) from Kattyw^ar, Western India 

22-8 

32-5 

7 

Low-level latcrite 

from Daltola, Cuttack, Orissa , 

24-5 

349 

8 

Ditto 

from near Cuttack 

250 

30-5 

0 

Ditto 

from Tanjore .... 

23-4 

33-4 


The dirterenee het ween high-level and low-level latcrite will he explained suhsequeiitly, 
^ .1. A. S. n., XllJ, p. 902. 
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the more massive forms of laterite some horizontal banding is usually 
present, the cavities being, however, beneath the surface, usually filled 
by clay, more or less sandy. The rock, when first quarried, is so soft, 
that it can easily be cut out with a pick, and sometimes with a spade, 
but it hardens greatly on exposure. 

The exposed surface, whether vertical or horizontal, is characteristic 
and peculiar. It is extremely irregular, being jutted over with small 
hoHows, caused by the washing away of the softer portions, and 
generally, though not always, traversed by the tubes and cavities just 
described ; and, at times, it is so much broken up by small holes as to 
a])pear vesicular, whilst the crust of lirnonite forms a brown glaze, often 
mammillated or botiyoidal, so that the rock has a remarkably scoriaceous 
appearance, and bears a very curious resemblance to an igneous product. 
It is not surprising that many observers should have looked upon 
laterite as volcanic ; for not only does it present a remarkable super- 
ficial resemblance to a scoriaceous lava flow, but it is found, in several 
jiarts of India, associated with basalt and other igneous rocks. As 
will be shewn presently, however, laterite is never an original form 
of igneous rock ; it is in all cases either produced by the alteration of 
other I’ocks, sometimes igneous, sometimes sedimentary or metamorphic, 
or else it is of detrital origin. 

Varieties of laterite, high-level and low-level tsrpes.— Several 
writers have urged that the term laterite should be restricted to one 
form of the rock — that to which the name was originally aj)j)lied by 
Buchanan.’ This is the kind so extensively developed on the west 
coast of India, where it forms the surface rock of the country over 
wide tracts of the low lands near the sea. The jiarticular locality in 
which the rock was first described by Buchanan has not been re-exa- 
rnined by other geologists, but there can be no reasonable doubt that he 
applied the name to a detrital variety. Before proceeding further, it 
will be well to explain the difPcrenccs between the two forms. 

The high-level laterite, sometimes known as non-detrital laterite, 
and distinguished by Mr. Foote as iron clay,® is found extensively on 
the highlands of Central and Western India. It is a rock of fine grain, 
and, apart from the irregular distribution of the iron, of nearly homo- 
geneous structure, and not sandy. For this form the term ^^iron clay^^ 
was used by Yoysey, one of the earliest describers, but be did not 
restrict the term to this variety ; and he employed the same name for 
the laterite of Nellore, a low-level detrital form. 

1 1. C. note. 1>. 318. I = M. G. S. I., XII, p. 201. 
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The low-level or detrital laterite, which covers wide tracts in the 
nciglihourhood of both coasts, generally contains grains of sand, and 
may often be recognised by including small rolled fragments of 
quartz, and occasionally larger pebbles. It is less homogeneous in 
structure than the high-level form, and it passes, by insensible grada- 
tions, into ferruginous sandy clay or gravel. It usually contains, in 
considerable quantities, small pisolitic concretions of iron peroxide, and 
occasionally it assumes the form of pisolitic iron ore, or of lateyitic 
gravel, a mixture of small concretions and sand. The high-level laterite 
also contains ])isolitic concretions in places, but they are not so generally 
present as in the low-level variety. 

There are unquestionably some reasons for using different terms 
to designate these two forms of rock ; and all geologists who consider 
that by the name of a rock not only its composition and structure, but 
also its origin, should be indicated, are justified in employing distinctive 
terms for the two, if they consider the difference of origin clearly 
made out. Unfortunately, the very use of two terms involves the hypo- 
thesis that the high-level form of laterite, containing no sand grains, has 
been produced simply by subaerial alteration of basalt or some other rock, 
whilst the low-level laterite is a formation of entirely different origin. 
This may be true, but, as will be shewn presently, it is not proved, and 
in some cases the origin of the high-level laterite appears to be clearly 
detrital. The fact is, that the two varieties pass completely into each 
other; both arc often precisely similar in composition and structure, 
and specimens taken from one are frequently quite undistinguishable 
from those broken off from the other, although the rocks can usually 
be distinguished in situ by careful examination. How difficult it is, 
at times, to ascertain whether laterite is of detrital origin or not, is 
well shewn by the beds, which, as mentioned in the last chapter (p. 340), 
occur iuterstratified with the nummulitic limestones and gravels near 
Surat. These beds are sedimentary, for, in one of them, marine fossils 
were found ; yet they arc not in the least sandy, and they closely 
resemble tlie laterite or iron clay of the Bombay Deccan. The resem- 
blance is so close, that, when these laterite beds were first examined by 
the Survey, they were supposed to be volcanic rocks, altered by surface 
action. The mistalve, it should be added, was partly caused by an 
apparent intercalation of basalt and nummulitic limestone, subsequently 
found to be due to faulting. 

Moreover, there is this strong reason for not using different names 
for the two varieties ; the term ^^atcrite^^ has been so generally apjdied to 
both forms of the rock by geologists, that it is no longer possible to 
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restrict it to one. When it becomes necessary, in the following pages, 
to distinguish between the two forms, they will be called " high-level 
laterite and low-levcP^ laterite, these names, which merely refer to the 
position occupied by the two varieties on the highlands or near the 
coast, not involving any theory of the origin of the rock. Each will 
require separate notice, in order to explain its distribution and the 
theories proposed to account for its origin ; but before proceeding to these 
questions, there is another form of ferruginous clay, very generally 
associated with laterite, wliich requires explanation. 

Lithomarge. — Both forms of laterite frequently appear to pass into 
the underlying rock, whether this be igneous, mctamori)hic, or sediment- 
ary. Ill the case of basalt, or gneiss underlying laterite, the upper part 
of the lower formation is decomposed, and forms a clay, which is 
imi)regnated with iron, by the water trickling through the laterite above, 
and becomes a kind of lithomarge, passing by insensible gradations into 
laterite itself. In fresh sections, where the detrital low-lcvel form of 
laterite is the overlying rock, the limit of the two can usually be traced 
without difficulty, but surfaces which have been exposed for a length 
of time arc generally covered with more or less of the limonite glaze 
and the lithomarge can no longer be distinguished from laterite.^ 
This lithomarge is always more ferruginous above than below ; it 
varies in colour from red through yellow to white, being usually 
mottled, and not unfrequently coloured purple or lilac in patches, and 
a few pipes often occur, produced apparently by the percolation of 
water. 

Another form of lithomarge, found in many places, and especially to 
the northward, beneath the high-level laterite, and occasionally below 
the low-level form also, consists of hardened clay, sometimes sandy, 
and generally highly ferruginous, which shews no tendency to pass into 
the underlying rock, although it usually exhibits unmistakable transi- 
tion into the laterite above. In these cases, the laterite and lithomarge 
together form a group of beds, superposed, as a rule unconformably, upon 
older rocks of various kinds. In some instances, as in Bimdelkhand, 
this infra-lateritic formation contains pebbles,^ and there is every reason 
for believing that it is a rock of sedimentary origin. The impoitanee 
of this form of lithomarge, as a clue to the origin of laterite, will be 
seen in the sequel ; for there is every probability in this case that the 
laterite is merely the lithomarge, altered by surface-action. In some 
cases, the present form of lithomarge contains haematite or limonite in 

^ Mem. G. S. I., I, p. 283, &c. 

^ Mem. G. S. 1., 11, p. 86. 
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considerable quantities/ sufficient to enable the mineral to be collected 
for iron ore^ as in Bundelkhand^ near Jabalpur^ and on the eastern 
flanks of the Bajmahal hills. 

Reconsolidation of laterite. — One peculianty possessed, to an 
eminent degree, by all forms of laterite, is the property possessed by 
broken or detrital fragments of being recemented into a mass, closely 
resembling the original rock. Laterite itself has great powers of resisting 
atmospheric disintegration, being, in fact, produced by long action of 
the atmosphere upon various ferruginous clays ; but the underlying 
formation, whether trap or gneiss, decomposes, and is slowly washed 
away, until the cap of laterite, originally horizonhil, falls down, and 
becomes rcconsolidated on the irregular surface, which it still covers. 
This is one way in which recoiisolidation takes place ; another is when 
broken fragments are washed down by rain and streams to a lower 
level, at which they become rccemented. 

Infertility. — ^The surface of the country composed of the more solid 
forms of laterite is usually very barren, the trees and shrubs growing upon 
it being thinly scattered and of small size. This infertility is perhaps 
due, in great part, to the rock being so porous that all water sinks 
into it, and sufficient moisture is not retained to support vegetation. 
The necessary result is, that laterite plateaus are usually bare of soil, and 
frequently almost bare of vegetation. Of course, this barrenness is by 
no means universal ; soil sometimes accumulates on laterite caps, and some 
of the more gravelly or more argillaceous varieties support a moderate 
amount of vegetation. Still the general effect of the rock is to produce 
barrenness. 

Distribution and mode of occurrence of high-level laterite. — 

The high-level laterite is chiefly developed on the Deccan plateau, 
and especially on the highest portions of the Sahyadri range, and the 
spurs running from the Ghats. It forms a cap on the uppermost traps 
exposed on the plateau, but it is also found at lower elevations, the 
lower beds being, however, as a rule, but of small extent or thickness. 
The summit bed, as it is termed by Mr. Foote, is not more than 50 to 90 
feet in thickness in the Southern Mahratta country, and it is about the 
same at Mahableshwar, but it is said to be from 100 to 200 feet thick at 
Bidar, north-west of Hyder^ibad. It occurs at varying heights above 
the sea, 4,700 feet at Mahableshwar being probably the highest point, 
whilst at several places in the Southern Mahratta country it is found cap- 
ping ridges and isolated hills from about 2,000 to nearly 3,500 feet above 
the sea, but it always overlies the highest lava flow in the country. At 

1 Mem. G. S. L, II. p. 81 ; XIII, p. 241. 
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Matheran^ near Bombay, and on some neighbouring plateaus, there 
are caps of laterite at about ^,000 feet above the sea, but these do 
not belong to the summit bed, as the traps on the tops of these hills are 
not high in the scries. Some of the laterite caps are very extensive ; the 
bed tit Bidar is said to be 28 miles long from west-north-west to east- 
south-east and 22 miles broad, and the area of laterite at Kaliani, 40 miles 
west of Bidar, is of even greater extent.^ 

The greater portion of the trap area in the Deccan has not been 
closely examined, but, so far as is known, laterite is of rare occurrence, 
except near the Western Ghats and in the Southern Mahratta country. A 
few very small caps are found south-west of Nagpur, in South-East 
Berar, and probably similar small outliers occur here and there along the 
south-eastern margin of the volcanic region. Farther to the north-east, 
lat^crite occurs at Amarkantak, and on the eastern outliers of the Deccan 
traps, at Main Pat and JumiraPat in Sirguja, on the former being from 
100 to 200 feet thick. North of the Narbada also, in Bewah, Buudel- 
khand, and in other States as far west as Guzerat, laterite is found, some- 
times as much as 200 feet in thickness, capping outliers of the trap series* 
In all the localities hitherto mentioned laterite occurs resting upon 
the Deccan traps, but not only does the high-level laterite overlap the 
traps, and rest upon older rocks, but it is found in places some hundreds ’ 
of miles beyond any existing outlier of the volcanic series. Instances 
of this kind have been noticed by various observers in the Southern 
Mahratta country,^ the same laterite bed being continued apparently, in 
some cases, from the trap surface on to the transition or mctamorphic 
rocks,® whilst numerous outliers on the older formations are known to 
exist. Caps are said also to occur at high elevations on the Dambal* or 
Kupputgode hills, cast of Dharwar, and on hills in the neighbourhood of 
Bollary and Kadapa.^ More to the north-east, in the high grounds of Patna, 
Kalahandi, Bastar, Jaipur, &c., between the Mahanadi and Goddvari, caps 
of laterite, 50 to 100 feet thick, occur on many of the higher hills® at ele- 
vations of between 2,000 and 4,000 feet above the sea. The most eastern 
exposure known to occur in this neighbourhood is on the Kopilas hill 
about 2,050 feet above the sea, and 12 miles nearly due north of Cuttack.* 


* Ncwbold; Jour. R. A. S., VIII, p. 228. 

2 Nowbold; J. A. S. B., XlII, p. 996; J. R. A. S., VIII, j). 228; Foote: Mem. 
G. S. I., XII, pp. 205, 217, &c. 

3 Foote : 1. c., pp. 205, 217. 

4 Ncwbold : J. R. A. S., VIII, p. 228. 

* Ball : Rcc. G. S. I., X, p. 109. 

The iufbrniafion of the occurrence of laterite on Kopilas hill was obtained by Mr. Ball 
flora Dr. Stewart of Cuttack. 
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On the Chiitia N%pur plateau to the northward, a ^jreat expanse of 
laterite is found, at elevations varying from :i,0()0 to 3,000 feet ahuve the 
sea in several places, and especially to the north-west of Jashpur'; it 
differs, however, from the usual high-level laterite, in covering hills and 
valleys alike, and is probably, in pai*t at least, a reconsolidated or secondary 
formation. Still, in places, it caps ridges and jicaks in the usual manner. 
Leaving, for the moment, the llajmahal hills, which require separate 
notice, a thick mass of laterite occurs on Moira hill, the highest }>eak of 
the Karakpur range, south of Monghyr, at an elevation of 1,500 feet. 
Turning thence westward, caps of the same rock are found, outside of the 
trap area, at several places in Bundclkhand,^ and at two near Gwalior,* 
all on the highest ground of the country. 

Besides the above-mentioned localities, there arc some of the hills 
ot Southern India where laterite has been reported to occur, but 
there is always a difficulty, unless the locality has been carefully examined, 
in determining the nature of the formation, since ferruginous clays, with 
but little of the true character of laterite, and due solely to the decom- 
position of gncissic rocks, have occasionally been described under the 
name. Such is certainly the case with the Nilgiris, one of the localities 
mentioned by several geologists. No well-authenticated occurrence of 
lateriU^ is known at an elevation exceeding 5,000 foot above the sea. 

Rajmahal Hills. — There is, however, a very important bed of this 
rock on the Rajmahal hills in Bengal.* These hills, like the highlands of 
the Bombay Deccan, are composed of bedded basaltic traps, and, as in the 
Deccan, the very highest bed consists of laterite; Mahuagarhi, the 
highest jdateau in the range, 1,655 feet above the sea, being capped by this 
formation. The laterite in the Rajmahal hills is, in places, as much as 200 
fiict t hick, and it slopes gradually from the western scarp of the hills, 
where it attains its highest elevation, to the Ganges plain on the east. 
Here too, as in the Deccan, tliere is, in places, an apparent passage from 
basalt into laterite, but the latter rock to the eastward is distinctly 
identical with the low-level laterite of Bengal, Orissa, and Southern India, 
and is clearly of dctrital origin ; whilst even at considerable elevations 
in the hills, fragments derived from the shales, which are interstratified 
with the basaltic flows, arc found imbedded in the laterite, so that, as no 
distinct line has ever been drawn Iwtween the beds at different elevations, 
wv ap|)ear in this case to have a passage from the high-level into the 

’ Dull : Kec. (i. S. 1., X, ]). 170, note. 

= Mom. G. S. I., II, p. 82. 

» Iljicket : Kcc. G. S. I., Ill, p. 41. 

* These hills have been desciibcd already ; sec p. 165. The laterite has been but briefly 
notiecd ; see Oldham ; .J. A. S. B , 1851, XXIII, p. 273 ; Ball ; Mem. G. J., XlIJ, p. (223) 
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lo\v-Ii*vc*l liiten’tc, and reasons for supposing that botli were originally of 
sodinieniary origin. The case, it should be remembered, is not clearly 
j)roved, the laterite of the Kajmahal country not having been specially 
examined with a view to test the connection between the beds to the 
eastward and those to the westward, but the two appear to be parts of the 
same formation,* and it is certain that both are, in this instance, detrital. 

The evidence hitherto collected is insuflieient to justify the conclu- 
sion, that the high-level laterite once formed a continuous bed, occupying 
the whole surface of the Indian Peninsula from the Ganges valley to the 
neighbourhood of Madras, but the manner in which caps now occur ii])fuj 
isolated peaks and ridges clearly shews that these caps formed part of 
a bed once much more extensive, and of which only a few remnants 
have been left undenuded. It is difficult, in presence of the great 
amount of denudation which has taken jdace sin(*e the laterite caps 
were part of a more or less continuous bed, to escape the conviction, 
that the high-level laterite must be of considerable geological anli- 
quity. 

Distribution, &c., of low-level laterite.— Before proceeding to 
discuss the very difficult subject of the origin of laterite, it will be best 
to point out the general distribution of the more sandy and tyj)ical 
variety found at low elevations, and especially in the lUMghbourhood of 
the coast. On the west coast of the Peninsula laterite has not been 
observed in the lowlands, or the Konkan, north of Bombay^; it a])pears, 
however, a little farther to the southward, between Bombay and liat- 
nagiri, and extends thence throughout large trimts of the low country 
intervening between the Sahyadri range and the sea, as far as Caj)e 
Comorin. It does not, of course, cover the whole surface ; in many 
places it has been cut away by streams, so that the lower forinaiions 

* There is a possibility that the connexion between the high-level laterite of the 
Deccan and the low-level laterite of the eastern const is not confim*d to the solitary 
instance of the Rnjinahdl hills, although no other case of passage can be traced which 
is equally well marked, and in some cases, ns at Kopilas near Cuttack, the difference in level 
is very great; l>ut, as will bo seen, tbc low-level laterite of the eastern coast rises 
gradually from the neighbourhood of the sea, at a slope which, if continued inland, would 
connect the bed with the high-level formation. The latter is of much greater anti(|uitv 
than the low-lcvcl bed, hut the process of formation may have huen continuous, the rock 
now found at a higher level being first formed, and that at a lower elevation being gradu- 
ally consolidated, ns the lower portion of the country was raised above the sea. It should he 
remembered that the higher part of the country, in all i)rohahility, was never depressed 
below the sea-level. This idea of the whole laierito being one coutinuous formation appears 
to have occurred to Newhold.— J. R. A. S., VllI, p. 240. 

- Except near Surat, where the outcrops are of nummiilitic age, or much older than 
the Koiikan laterite in general. The rock differs from all superficial laterite, in being 
distinctly intercalated between other beds. 
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are exposed, and in parts of the country it appears to be wanting. 
The greater part of the region, however, has never been inaj>ped geo- 
logically, and no details of the distribution of lateritc are available, 
except in the country between Ratnagiri and Goa. 

Here the rock appears to form a plateau, having a general elevation 
of 200 to 300 feet above the sea. On the coast it terminates in 
cliffs, the trap being exposed beneath it. The plateau extends for from 
15 to 20 miles inland, and it is cut through by numerous rivers 
and streams, in all of ^vhieh the trap is exposed, but at Ratnagiri, between 
the laterite and the traps, the lignite and clays are found, which were 
mentioned in the last chapter. Farther inland, the laterite is found at a 
higher elevation than near the coast, so that the rock appears to have a 
low slope towards the sea. The lateritc is distinctly of detrital origin, and 
even conglomeratic in places ; the thickness of the formation is consider- 
able, but no exact measurements have been recorded, except at Ratnagiri, 
where it amounts to 35 feet, probably less than the average. It is 
evident that the plateau formerly extended much farther to the east- 
ward, and it probably covered the whole of the country as far as the 
base of the Sahyadri range ; for caps of laterite are found in places on the 
trap hills, and masses, rcconsolidated from the detritus of the principal 
beds, are found at lower levels. 

South of Malwan, the underlying rock is no longer trap, but gneiss, 
or some other metaraorphic formation. The laterite appears to be simi- 
lar to that of the Bombay Konkan. In Travaneore, it overlies the 
fossiliferous tertiary beds, already mentioned. 

On the east coast of India, laterite occurs almost everywhere, rising 
from beneath the alluvium, which fringes the coast, and sloj)ing gradually 
upwards towards the interior, but this laterite is a much less massive 
formation, as a rule, than the rock of the western coast ; it is seldom 
more than 20 feet in thickness, and it is often represented by a mere 
sandy or gravelly deposit, not more than 4 or 5 feet thick. Where 
it is thicker, the lower portion usually consists of lithoinarge, pro- 
duced by the alteration of the underlying rock. The laterite is frequently 
conglomeratic, and includes large, rounded, or subangular fragments of 
gneiss and other rocks; good instances being found at Trichinopoly, 
at many places near Madras, amongst wliich are the Red Hills, 7 miles 
to the north-west of the city, and around the detached hills north-west 
of Cuttack, in Orissa. In the Madras area, quartzite implements of 
human construction have been found in the laterite ' in considerable 
numbers. 

* For ndditional details of tliu lateritc ueur Madras, see Mr. Foote's account, 
Mem. G. 1., X, pp. 27-58. 
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The fringe of lateritc is of very unequal width. In places^ it forms 
a broad, low slope, stretching for many miles from the edge of the allu- 
vium ; in other places, it only remains as caps upon the older rocks. In 
one form or another, however, it appears to be traced, at short intervals, 
from Cape Comorin to Orissa, and thence northward, through Midnapur, 
Burdwan, and Birbhum, to the flanks of the Rajmahal hills, where it is 
well developed, and where, as already noticed, it appears to pass into the 
high-level laterite. 

The low-level laterite is not confined to the neighbourhood of 
the coast. It is found, frequently in patches, over many parts of 
the country, but these patches are rarely of large size, and they often 
appear to be due to local peculiarities, such as abundance of iron in tlie 
rocks, or reconsolidation of fragments derived from a bed of high-level 
laterite. Many such lateritic deposits are rather of the nature of ferru- 
ginous gravel than of true laterite. The small pisolitic nodules, so 
characteristic of some forms of laterite, are found abundantly in tlic 
older alluvium of the Ganges valley, and in many other superficial 
deposits in the plains of India ; and wherever they are sufficiently abund- 
ant, they appear to become cemented with the accompanying sand and 
clay into a rock, closely resembling laterite in many of its peculiarities. 

Theories of origin of high-level laterite.—Having thus stated, 
as briefly as is consistent with the object of affording a tolerably com- 
plete account of the rock, the distribution and mode of occurrence of 
the different varieties of laterite, the question of the manner in which 
this rock has been formed, in different parts of India, must, next be con- 
sidered. The subject has already been noticed as diflTunilt, the difficulty 
arising from the fact that the rock has evidently undergone a consider- 
able amount of change, both chemical and structural. The difference 
between lateritc when first cut from the quarry underground and the 
same rock after exposure is well marked ; the rock becomes harder, and 
the hardening appears not merely due to the desiccation of the argilla- 
ceous constituents, but also to a change taking place in the distribution 
of the peroxide of iron, the change being shewn by the colour becoming 
darker, and by the surface being covered with a glaze of limonitc. 
Whether the anhydrous iron peroxide, which occurs in some forms of 
high-level laterite, becomes converted, by exposure, into hydrated peroxide, 
has not been ascertained ; on this and other questions much light might 
be thrown by careful chemical analysis. But it is quite clear that the 
process of segregation of the iron has tended greatly to obscure any 
structure which may have existed originally in the rock, and that this 
segregative action is constantly in progress. It has already been stated 
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that iron is dissolved out of the laterite,and re-deposited in the underlying 
lithomarge, where the latter is merely an alten'd form of the rock 
beneath ; and it is a common eireumstanee, in some forms of latcrile, 
to find pisolitic nodules of hydrated iron peroxide, evidently due to 
segregation. These facts, and the })rocess by which the surfaces of the 
rock, and of the tubes by wdneh it is traversed, become coated with a 
glaze of liinonitc, render it evident that a transfer of iron oxide from one 
part of the rock to another is continually going on. 

One view, which has been held by several good observers, and which 
has l)ecn strongly supported by Mr. Footers examination of the laterite, 
or iron clay, in the Southern Mahratta country, is, that the high-level 
laterite is simply the result of the altt^ation in hHu of various forms of 
rock, and especially of basalt, by the action of atmosjherie changes.’ 
Many of the dolerites of the Deccan contain iron in the form of mag- 
netite, and large quantities of magnetic iron sand arc found in the beds 
of streams, which flow over the traps, whilst bands, both of magnetite 
and lijcmalite, are common locally in the metamorjdiic rocks. The 
gradual change from doleritic trap inin laterite has been noticed 1)y 
several observers,® and, so far as the Deccan alone is concerned, the 
evidence in favour of laterite being merely the result of atmospheric 
change, acting upon very ferruginous volcanic rocks, appears so strong, 
that, if there were no conflicting phenomena, it might be accepted 
as a satisfactory explanation. At the same time, there are some difli- 
culties, to which attention was first called by Captain Newbold®; and 
although Mr. Foote ^ has shewn that they are not insuperable, still 
t hey should not be overlooked, because the apparently sedimcntaiy origin 
of the rock in Bundelkhand and elsewhere tends to invalidate the conclu- 
sion, that the high-level laterite is merely the result of surface change. 

The main argument, it should be remembered, in favour of supposing 
the high-level laterite of the Deccan to be merely altered dolcrite is, that 
the two rocks are seen to pass into each other. This fact, which is 
unquestionably established, may be considered proof tliat laterite may 
result from the alteration of basalt, or a similar rock, but it is, of course, 
insuflScient evidence to shew that such is the origin in all cases. It is 
always possible that the upper portion of the laterite is, in each case, of 
extraneous origin, and that the surface of the basalt beneath has been 

> Some M’riters, of whom the best known is Dr, Carter, have supposed that the low-level 
luterite has originated in the same manner by the alteration in situ of basalt or other rocks, 
but in this case tbc detrital ori^n of tbc rock is nmnistokablc. 

2 Voyeey : J. A. S. B., XIX, p. 274 ; Foote : Mem. G. 8. I., XII, p. 202, &c. 

J. A. S. B., XIII, p. 995 ; Jour. Boy. As. Soc., VlIJ, p. 237. 

* 1. c , p. 203. 
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affected hy the infiltration of iron, in the manner already described 
when explaining the origin of lithomargc. Numerous instances are 
found, on the other hand, in which the laterite rests upon the surface of 
luusalt, which is either hard and unaltered, or soft and decomposed, 
without any aj)pcarance of a passage from one rock to the other. But 
this, af^ain, is no proof that the laterite above the unaltered trap is not 
itself the result of alteration of a different lava flow; all that it shews is, 
that the non-lateritic rock beneath is not susceptible of the same chang’e. 
It is clear that the evidence afforded by the circumstance that dolcritic 
trap sometimes passes into laterite, and sometimes does not, is insufficient 
to decide the question, as to whether the latter is derived from the former, 
by a process of chemical alteration. 

It has been stated that magnetite occurs in many of the Deccan 
dolerites, but, until far more analyses have been made, it is im])ossible to 
say whether any of these rocks contain as large a proportion of iron as 
the laterite. It is probable that some may, but it is certain that so large 
a proportion of iron as 15 or per cent.^ in any basalt is exceptional ; 
yet this is not above the average amount in the Deccan laterite. At 
the same time, the larger percentage may, perhaps, be explained by a 
process of concentration, some of the other constituents of the rock 
having been removed in the process of change, but not the iron. There 
is, however, in opposition to this explanation, the fact, that the iron is 
evidently dissolved out of the laterite at present, since iron peroxide is 
re-deposited on the surface of pipes, &c., and in the underlying litho- 
marge. 

One difficulty, to which especial attention was drawn by Captain 
Ncwbold, is the complete absence in the laterite of those nodules, large 
or small, of various forms of silica, such as agate, jasper, and crystalline 
quartz, so frequently found in the different forms of traj). It is difficult 
to understand, if laterite simj)ly results from the alteration m sUu of 
the Deccan dolerites, why no amygdaloidal structure, especially where 
the nodules contain so indestructible a mineral as agate, should be 
detected in the altered rock. Jlr. Foote suggests “ that, in the ease of 
the summit bed, which appears to rest upon the highest traps, the 
al-)sence of amygdaloidal structure may be due, in the first 2 )lace, to the 
lava flow, now converted into laterite, having been of a peculiarly dense 
nature (and such dense beds do certainly occur in the Deccan traps, 
indeed they cannot be said to 1)e rare, although they do not, as a rule, 

> That is, of metiillic iron ; 15 per cent, of iron corresponds to 19*3 per cent, of prot- 
oxide, and 21*4 per cent, of sesquioxide. 

3 1. c., p. 203. 
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preserve their non- vesicular character over large areas) ; and secondly, 
to the fact that, being the uppermost flow, the water which percolated 
it did not contain silica in sufficient quantity to form siliceous nodules 
in the vesicular hollows. He also points out that the underlying bed, 
into which the summit bed laterite is seen to graduate in several sections, 
is a very argillaceous rock, without vesicular cavities or enclosed minerals. 

One conclusion is clear. If the high-level laterite of the Deccan 
has been produced by the alteration in situ of volcanic rocks, only 
particular varieties of such rocks are capable of undergoing the alteration. 
If all were similarly liable to be converted into laterite at the surface, 
the occurrence of that rock would be more general, and less restricted 
to particular elevations. The great difficulty in the way of explaining 
the origin of the high-level laterite, so widely spread in Malwa and the 
Deccan, by a simple process of atmospheric alteration, is, in brief, that 
the hypothesis demands the occurrence, over an enormous area of 
country, of a volcanic rock (whether a tuff or a true lava flow is imma- 
terial), of peculiar and unusual composition, containing a much larger 
proportion of iron than usual, and wanting the amygdaloidal structure, 
80 common in the Deccan traps. This difficulty, it must be remembered, 
is, so far, only a reason for caution in coming to a conclusion ; it does not 
shew that the hypothesis of alteration in sUu is impossible. 

The great extension of the laterite beyond the trap area may, of 
course, be explained, by supposing that the highest volcanic stratum 
covered a wider surface than any of the inferior lava flows ; but in some 
cases, as in that of the Gauli plateau, south of Belgaum,* where a bed 
of laterite at a lower level than the summit bed was traced by Mr. 
Foote on both sides of the Mahadayi ravine, passing into the underlying 
trap to the northward and into metamorphic rocks to the south, this 
theory is untenable ; and in this case, if the laterite be the result of 
alteration alone, the southern portion must have been formed from gneissic 
rocks. It is difficult to understand how two rocks, so totally dissimilar in 
constitution as dolerite and gneiss, can have produced precisely the same 
rock, by a simple process of disintegration in situ. 

On the other hand, the difficulties in the way of supposing the high- 
level laterite to be sedimentary are considerable. The idea of its being 
a marine deposit can scarcely be entertained ; there is not a shadow 
of evidence in any part of India to render it probable that the whole 
of the great trap plateau has been beneath the sea in tertiary times. 
It is inconceivable that fluviatile deposits should be so enormously ex- 
tended, yet so thin. One objection, which at the first glance appears 
1 Mem. G. S. I., XII, p. 217. 



Peninsular.] 


ORIGIN OF HIGH-LEVEL LATERITE. 


863 


important, is apparent rather than real. It is that a sedimentary deposit 
could not be formed on the highest portions of the country, because 
there could be no higher land in the neighbourhood, from which the 
sediment might be derived, whilst the singularly small amount of 
disturbance, wliich the Deccan rocks have undergone, renders it impro- 
bable that any great relative change of elevation has taken place. But 
it must be remembered that laterite is a rock which resists atmospheric 
action far more than most forms of doleritic trap ; this is shewn by the 
manner in which hard, unaltered caps of laterite rest upon softened and 
decomposing basaltic rocks ; and, consequently, the portions of the 
plateau, which were originally highest, if not capped by laterite, may 
have disintegrated more rapidly under atmospheric influences than those 
protected by the latcritic formation, until the latter remained forming 
the highest ridges, long after the unprotected portions had been swept 
away. 

The evidence afforded by the laterite outliers in Bundelkhand ^ is 
distinctly opposed to the theory of alteration in situ. The whole group, 
laterite above, ferruginous clay, frequently containing sand and pebbles, 
below, is found indifferently capping trap and Vindhyan sandstones. 
Now, whatever may be the case with dolerite and gneissic rocks, no 
conceivable process of alteration could convert a purely quartzose 
sandstone, like the Vindhyan, containing a mere trace of iron, into an 
argillaceous rock, with 20 per cent, of iron entering into its composition ; 
and the circumstance that the lower portion of the lateritic group is 
clearly detrital, proves that the laterite is not an altered outlier of the 
trap. 

It appears almost impossible to separate the Bundelkhand laterite 
from the high-level laterite of the Deccan. Lithologically and strati- 
graphically the two rocks are identical. There can be no reasonable 
doubt that the trap once occupied the surface of the ground now cut 
out into valleys by the feeders and main streams of the Son, Narbada, 
and Mdhanadi, and that Bundelkhand, with Malwa to the north, were 
united with Mandla and Sirgdja into one plateau of horizontal trap 
rocks. If this be conceded, — and it appears impossible to doubt 
it, — the caps of laterite near Saugor, occupying precisely the same 
relative position as those at Amarkantak and Main Pat, may fairly 
be considered part of the same bed ; and the Bewah outliers, which are 
probably either beyond the original range of the trap, or else on ground 
which was above the general trap level, must be referred to the same 
origin. Now, the Amarkantak and Sirguja laterites are not merely similar 
» Mem. G. S. L, II, pp. 79-86. 
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jii every respect to the other Deccan hi|^h-leve] outcrops of the rock^ 
but they appear to be connected, by a series of small ca])s at iniervals, 
with the typical formation of the Southern Miihratta country. There mjiy 
be a break in the chain ; the distances arc loo great for any safe conclu- 
sions to be formed ; all that can be done is, to indicate the probabililit*K. 
It appears a fair inference that, if the Bundelkhand laterite is of 
acpieous origin, the rock of Amarkantak and the Deccan is the same. 

The laterite of the Rajmahal hills is separated l>y so great a break 
from that of Sirguja, and the Rajmahal traps are so much older than 
those of the Deccan, that it is impossible to say wliether the Rajmahal 
laterite is of the same age as that of Central and W estern India. 
Lithologically it is identical, and, like the Deccan laterite, it occurs, in 
part at least, at a considerable elevation, whilst its sedimentary origin 
has already been mentioned. 

It will thus be seen that, despite all the observations which have been 
made on the high-level laterite of the Deccan in the course of the last 
fifty years, it is still impossible to say that this rock has l)ecn i)roved to be 
simply the result of atmospheric action on tlic tra[)s and metamorphic 
rocks of the country, and it is equally unproved tliat it is due to sedi- 
mentary action. Before attempting to reconcile some of the difficulties, a 
few words may be devoted to the probable age of the formation. 

Geological age. — The geological age of the high-level laterite musi», 
of course, remain undetermined, until the mode of formation has been more 
definitely ascertained. If the rock be merely the result of surface al- 
teration, it may be of any date subsequent to the termination of the 
volcanic outbursts ; indeed, as has been justly pointed out by several 
observers, it must still be in process of formation. But, as its occurrence 
jn the form of a few isolated caps shews that it was once a much more 
extensive formation, it must have existed before the denudation of the 
area, by streams, had much advanced ; and, therefore, it must have formed, 
in part at least, soon after the termination of the volcanic eruptions. 
The great similarity bef ween the high-level laterite and the beds of the 
same rock, interstratified with the nummulitic limestones and gravels of 
Guzerat and Cutch, tends to suggest the possibility, that the two are 
contemporaneous, and also that they may have been produced in the same 
manner, with, however, this important distinction, that the Guzerat beds 
are marine, whilst there does not appear to be any evidence in favour of 
supposing that the highlands of the Deccan were submerged during any 
portion of the tertiary period. Had they been submerged, the amount 
of denudation, which the traps must have undergone, would, in all pro- 
bability, have caused the high-level laterite to be more distinctly 
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uncoiiformablc. At the same time, it is far from clear that the lateritc 
is truly conformable to the highest trap flows. It has been hitherto 
assumed, rather than proved, that all the beds of lateritc, at lower eleva- 
tions than the summit bed, arc of later age. Of course, on the theory of 
the laterite being merely an altered form of the traps, the occurrence of 
laterite, at various elevations, presents no difficulty ; but if this rock be of 
any definite date, it is clear that extensive denudation must have reduced 
the level of such hills as Matheran, the uppermost beds of wdiich are at 
least 2,000 or 3,000 feet below the highest volcanic flows, before the 
lateritc was deposited. Nevertheless, the laterite of Matheran, although 
apparently non-detrital, may be a secondary product. This cpiestion of 
conforniity to the highest traps requires, in fact, further investigation. 

Possible hypothesis of origin. — The following hypothesis ‘ may. 
perhaps, meet some of the difficulties above-mentioned ; it is only 
suggested as a possible explanation, and by no means as a perfect theory. 
At the close of the Deccan trap ixiriod, the country must have hecn 
an immense plain, formed by the latest lava flows. But it has alrejuly 
been shewn that the quantity of volcanic ash, interstratilied with the 
lava flows, increases amongst the upi>er and later flows, and it is highly 
probable that scoriae and lapilli continued to be showered out, at intervals, 
after the outbursts of lava had ceased. Numerous cones, too, coin- 
|)Osed for the most part of ash beds, may have been left, so that an 
immense (]uajility of loose, incoherent materials must have been sprcml 
over the suifacc of the country. The laterite might, perhaps, be simply 
this loosii ash, changed by chemical action ; but, granting this view, 
it would be difficult to understand the detrital nature of such laterite beds 
as those described in Buiidclkharid, and it is also not easy to account for 
masses, 200 feet thick, accumulating so far from the main volcanic 
vents, as to be beyond the area of the enormously extended lava flows. 
The quantity of iron, also, appears excessive. It is more probable that 
the lateritc has been formed from the disintegrated tuffs and scoria), 
rearranged by the action of water. For a considerable period after 
the close of the volcanic eruptions, until the denuding action of 
water had established a system of river valleys, all rain falling on the 
surface of the country, and washing down the loose materials from a 
iiigher to a lower level, can have done little more than fill up hollows. 

‘ This bypotliosis was, to some extent, sujjgcsted in the lute Sir C. LyelFs “ Elements of 
Geology,*' Gtli edition, 18G5, p. 508. The rocks, however, to which Sir C. Lycll applied the 
term “ laterite,” differ nialerially from the lndi;ui furinutiou, und appear to be chiefly forms 
of bole. For some instructive remarks on the foriiiation of fernigiiious clays from volcanic 
detritus, see riiil. Trans., 1858, p. 711, already quoted in the chapter relating to the 
Dcccan traps. 
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For, although the country must have been singularly level, still, as no 
fluid can run down an absolutely horizontal plane, the upper surfaces of 
the lava streams must have been slightly inclined, although the 
angle of inclination was very small. The presence of hollows is, indeed, 
proved by the previous existence of lakes. Possibly, the reason why high- 
level laterite is now found chiefly on the outskirts of the trapj)ean area 
in the Southern Mahratta country, Mandla, Sirguja, Bundelkhand, &c., is, 
that these tracts were rather lower in position than the main volcanic 
foci north of Bombay and in Eastern Guzerat. The peculiar circumstance, 
that the laterite now caps hills towering above the whole of the remain- 
ing country, is easily explained by the fact, already noticed, that laterite 
resists the disintegrating action of the atmosphere very much longer 
than any form of basaltic rock. 

There is still a great difference between the composition of all 
scoriaceous volcanic tuffs and that of laterite, for which the above hypo- 
thesis fails to account. The fine ashes showered out from volcanoes are, 
however, easily decomposed, as is proved by the well-known fact of a 
few years suflicing to render such ashes fit to support a rich vegetation ; 
and as it has been shewn that a decomposed basalt is easily converted 
into laterite, it is reasonable to suppose that volcanic scoriae of similar 
composition to basalt are susceptible of the same change. But the 
quantity of iron still needs explanation. It is easy to suggest ferru- 
ginous springs, or fumeroles, from which crystals of specular iron might be 
deposited, as in the well-known cases around Vesuvius, but still one 
objection, already urged, against considering the laterite the result of 
simple alteration of one extensive lava flow, or ash-bed, remains ; this 
is the difticulty of believing that the iron could have been so generally 
and equally distributed. It is not impossible that the scoriaceous accu- 
mulations, forming the cones of the old volcanoes and the loose ash -beds 
distributed over the country, were peculiarly ferruginous ; and it is easy 
to understand, if the iron was in the state of either magnetite or specular 
iron, that it would resist disintegration longer than the felspathic and 
pyroxenic ingredients of the volcanic rocks, because it does so at the 
present time, and it is found unaltered in the streams, which wash away 
the detritus of disintegrated basalt. Another fact to be noticed is, 
that those deposits which contained less iron originally would be liable, 
to remain unconsolidated, and would consequently be easily washed away, 
whilst the more ferruginous portions of the detritus would alone possess 
the power of being converted into hard, indestructible laterite. 

One fsict must on no account be overlooked. The lateritcs of the 
Guzerat nummulitics must, in all probability, have been formed of volcanic 
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detritus^ washed down into the sea. They are only found amongst the 
very lowest tertiary beds, immediately above the traps, so that, as already 
suggested, they may have been contemporaneous with the high-level 
laterites. They are absolutely undistinguishable from the laterites of 
the Deccan. It is manifest that, whatever objection there may be to the 
acceptance of the view that the high-level laterites are formed from volcanic 
detritus, rearranged by water, it is certain that they may have been thus 
formed, and that the hypothesis involves no radical imx)Ossibility, because 
it is clear that the Guzerat laterites have originated in this manner. 

There is, however, another objection to the hypothesis proposed, and 
it is at least as serious as the equal distribution of the iron. This is, 
that if laterite be formed from volcanic ashes, rearranged by water, why 
arc no laterite beds found interstratified with the traps ? It is unrea- 
sonable to sux)X)osc that loose materials were only washed down into the 
hollows and lower portions of the country after the close of the volcanic 
period, and not in the intervals between the lava flows. It is probable 
that the beds of bole, interstratified with the traps, are due to a 
similar process to that suggested for the origin of high-level laterite, 
but they are of comparatively small thickness or extent. Some of 
them, however, are highly ferruginous. 

It will thus be seen that the suggestion above made, of the laterite 
being due to loose ash, rearranged by water, in the hollows left at 
the close of the volcanic outbursts, whilst satisfactorily exjdaining the 
mode of occurrence in a comparatively thin bed over wide areas, the 
absence of siliceous minerals, and the occasional intermixture of sand and 
pebbles, and whilst it is proved to be a possible theory by the fact that 
certain laterite beds must have been thus formed, fails to account, in an 
equally clear manner, for the universal distribution of so large a percent- 
age of iron, or for the absence of lateritic beds interstratified with the 
traps, although these may be represented by the bands of red bole. 

If the deposition of a thick bed of highly ferruginous clay be 
explained, the conversion of this clay into laterite appears to be due 
to the segregation of the iron either in a pisolitic form or as a cement 
binding the clay together. If the iron existed originally as magnetite, 
it has been peroxidized, and the peroxide has become more or less hy- 
drated, the latter change taking place chiefly after exposure to the 
atmosphere. The pipes are not easily explained, nor is it at all clear 
why they are sometimes present and sometimes absent. They have 
been referred to the segregation of the iron in a tubular form and to the 
percolation of water, but they occasionally traverse parts of the rock 
.which are not highly ferruginous, and in which they arc not lined with 
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limonitc ; and although water may easily increase the size of the tube 
through which it passes, it is powerless to originate a channel, through 
solid rock, by percolation alone. Tlie depth to which the tubes extend ‘ 
appears too great to render it probable that they arc due to roots of 
l)lants but, if once formed in this w^ay, they might easily be kept open, 
and lined with a ferruginous glaze by the j>ercolation of water. 

When the formation of latcrite beds has once been accounted for, 
the apparent change of lower beds into the laterite is evidently due to the 
decomposition of the underlying formation, and the infdtration of iron. 

Beds at a lower level have, in all probabiliiy, been formed from the 
debris of the high-level latcrite. It must be recollected that, in a 
formation like latcrite, in which iron is irregularly distributed, the 
harder and heavier fragments, containing the greater portion of the iron, 
will be redeposited at no great distance by any ti*ansporting agency — as, 
for instance, rain-wash, — while the lighter and softer clays will be carried 
further. The highly ferruginous deposit, thus formed at a low level, 
would begin, as usual, to impregnate the decomposing rocks beneath it 
with iron, and to convert them into latcrite. 

Origin of low-level laterite. — ^This brings us to the sul)jcct of 
low-lcvcl laterite, as it appears along both coasts. It has already been 
explained that the rock forms a slope, with a very gentle inclination 
towards the sea; that it is clearly of detrital origin, and that it rests 
indifferently on various older rocks, mctamorphic, gneiss, trap, or sand- 
stone of various ages. Occasionally, as at Ratnagiri and near Cochin, 
sedimentary beds occur at the base of the laterite, and on the eastern 
coast latci-itc and gravel arc intcrstratificd, or pass into each other. 

Some evidence will be given in the next chapter to shew that the 
slope on which the low-level latcrite rests is, probably, a plane of marine 
denudation, formed when the coast lands were slowly emerging from the 
sea. The origin of the low-level latcrite is, therefore, much more easily ex- 
plained than that of the high-level formation. It may have been formed 
in places, as in the Konkaii, south of Bombay, from the detritus of the high- 
level laterite ; but one great difficulty in accounting for the origin of the 
latter — the presence of iron in large quantities— is easily explained, in the 
case of the low-level laterite, by the abundance of magnetic and specular 
iron sand, derived from the Deccan traps and the mctamorphic rocks. The 
process l)y which an argillaceous deposit, rich in iron, is converted into 
latcrite, must, of course, be the same as in the case of the high-level variety, 

* Captain Newbold mentions one 30 feet in length at Bidar. 

" There is a remarkable struetiiral resemblance between some recent estuarine muds near 
Bungoon and latcrite. In the mud, the tubes arc due to roots, which decompose, and leave 
evlindrical pipes. 
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and the same effects have been produced by decomposition and infiltration 
of iron on the underlying rocks. The pisolitic nodules of brown haematite 
or limonite, so common in the low-level laterite and in various ancient allu- 
vial deposits, probably derive their iron from the magnetite and specular 
iron sand. 

There is one point on which a few words must be said, and that 
is the enquiry whether the low-level laterite is a marine formation. 
A prioriy it would a]>pear improbable that a marine formation should be 
deposited during the process by which a plane of marine denudation is 
elevated above the sea. On the other hand, the frequent occurreiiee of 
pebbles, often of large size, in the laterites of the east coast appears due 
to the action of the waves, especially where, as around isolated hills, 
which may originally have been islands, in Orissa, a mass of well-rounded 
shingle, in every way resembling a beach, is found cemented together by 
laterite. The absence of marine fossils may be due to their having been 
obliterated by the forces which produced the peculiar concretionary struc- 
ture of the rock. 

There are, however, two circumstances which appear to militate 
strongly against considcritig the laterite a marine formation. One of 
these is its remarkable thinness ; throughout the east coast, so far as is 
known, it rarely exceeds 20 feet in depth ; and the other is the very 
frequent occurrence in the Madras country of pala3olithic implements 
embedded in the rock. Some of these might have been dropped into the 
sea from canoes, but it is incredible that the men who used the stones 
should have lost them in the sea in such numbers as would account for 
their present abundance. 

On the whole, it a|)pears most probable that the low-Ievel laterite is 
a subaerial deposit, due however, in many cases, to the rearrangement of 
marine gravels and sands by rain and streams. All rain and stream 
action would tend to carry away the lighter sand and clay, and to leave 
behind the heavy iron sand ; and to this may be due the concentration of 
the ferruginous element. 

Age. — The presence of palaeolithic human implements in the Madras 
laterite proves that the rock is of post-tertiary origin. The implomenls^ 
found are chiefly of quartzite, and have evidently been fashioned from 
pebbles, derived originally from the rocks of the transition or Vindhyan 
series. It is probable that the laterite of the west coast may be of about 
the same age as that near the eastern shore of the Peninsula. 

* For descriptions and figures, see Foote; Mud. Jour. Lit. Sci., October 1866, Ser, III, 
Pt. 2, p. 1 ; also Q. .J.G. S., 1868, p. 484. One form is the same as tlmt represented on 
Plate XXI of tbe present work, fig. 1. 
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Despite the geologically recent origin of the low-level latcrite, the 
eonsiderahle amount of denudation which it has undergone shews that it 
is, in part at Icagt, a formation of ancient date, counting by years. It 
has already been mentioned that, on the western coast, the jJateau near 
the sea has been cut through by streams to a great depth, and the under- 
lying trap cxj)oscd, and that farther inland, at a higher level, only a few 
caps of the low-level latcrite remain. On the eastern coast, which, owing 
to the large amount of deposits brought down by rivers, is protected from 
the action of the sea, the laterite has undergone less denudation, in con- 
sequence of its being frequently covered by later alluvial dci)Osits, but 
still, away from the coast, it has been removed by atmospheric action over 
large areas. It is probable that the land rose very slowly from the sea, 
the laterite forming on the raised sloj)e, passu with the elevation, and 
that, consequently, the farther inland the rock, the older its date, and the 
longer the period during which it has undergone denudation from atmo- 
spheric agencies. But the deep ravines cut by the streams close to the 
western coast, near Ilatnagiri, mark the lapse of a considerable period of 
time since the low-level laterite was first consolidated, and a curious piece 
of evidence of the same kind has been recorded by Mr. Foote ^ in the 
neighbourhood of Madras. 

Between two villages called Amerumbode and Maderapauenm, east of 
Sattavedu, and about ^30 miles north-west by north of Madras, are some 
stone cii’cles, made of blocks of the latcrite, in which, in the immediate 
neighbourhood, ]»ala'olithic imjdemcnts arc found in abundance. The 
stone circflcs arc known in the country as Karambar rings,'^ and pre- 
cisely similar rings of stone are found in many parts of India, associated 
with various other rude stone buildings, such as kistvaens and cromlechs. 
That these stone circles are of much later date than the palajolithic im- 
plements is evident — first, because the circles are, in the particular case 
near Madras, constructed of rock in which the implements are embedded ; 
secondly, because iron implements, which mark a far more advanced stage 
of human progress, have been repeatedly found within the enclosures ; 
but, nevertheless, the stone circles themselves must be the work of a very 
ancient period, for all record of their construction, or even of the people 
who built them, has passed away. It wiU be shewn in the next chapter 
that the palneolithic age of India is, probably, of great antiquity, man 
having been, in all probability, contemporaneous with many animals now 
extinct, or replaced by different forms. 


* Mail. G. S. I., X, p. 47. 
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l^onur Lake — Various forms of post-tertiary deposits — Cave deposits — Kankar — 

— Older river gravels and clays — Alluvial plains of Narbada, Tapti, Ac. — Old allu 
vium of Narbada — Pulaiontidogy — Fluviatilc origin of Narbada alluvium — Tapti 
and Puma alluvial plains — Older alluvial deposits of Godavari — Krishna valley. 

Extent. — Althoiig’li the post-tertiary (post pliocene or quaternary) 
and recent formations of India occupy an immense area, their jp^cole^ical 
interest and importance arc comparatively small. They form the wide 
plains of the Indus, Ganges, and Bmhinaputra, and cover large tracts 
of country south of the Gangetic, and east of the Indus plain. No 
older formation is exposed throughout tlie greater portion of the l>clt 
of alluvial low land fringing the eastern coast of the Peninsula, and 
suh-rccent accumulations occupy a large area in Guzorat and in somt' 
other districts near the western coast. Largo deposits in the valleys of 
the Peninsular rivers and upon the fertile plains of the interior are also 
of recent or suh-rceent origin. 

Distinction from tertiary beds. — In India it is very difficult to 
draw a clear and distinct line between tertiary and post-tertiary forma- 
tions. The limit of the two in Europe coincides with the glacial epoch, 
but as no physical trace of this cold period has hitherto been dete(*ted 
in Peninsular India., the distinction between the pliocene tertiary forma- 
tions and the post-pliocene beds is less easily defined. Practically, no 
difficulty has hitherto arisen, because the tertiary beds of tlie Pouinsuhi 
arc comparatively unimportant, and those whicli occur belong ai)parently 
to the older or middle tcrtiarics, and not to tlu; newcir beds, so that 
there is a marked break between tlie tertiary and post-tertiary deposits ; 
but some doubt atta(*hes to the relative position of the most recent 
rocks in Katty war. Hitherto, throughout Peninsular India, except in 
the ncigliboiirliood of the sea coast, all post-lcrliary deposits known are 
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of fresh-water origin,* and all the unconsolidated and undisturbed deposits 
of the river valleys are classed in this division. Amongst the older 
valley deposits, as in the post-pliocene rocks of Europe, bones of 
extinct mammals are found together with recent forms of fresh-water 
and terrestrial mollusca, whilst the newer gravels, sand and clay con- 
tain only the remains of mammalian species identical with those 
now inhabiting the country. There is some possibility that, amongst 
the fossiliferous gravels of the Indian river valleys, beds of older 
age than post-pliocene may occur, but hitherto no fossils of undoubted 
l(»rtiary date have been discovered in the superficial deposits, although 
some forms differ so widely from living sj)ccies as to suggest the 
existence of older beds. The works of man have now been found in 


two instances in Indian post-pliocene beds, but no human remains have 
hitherto been detected in older formations. These remarks, however, 
apply solely to India ; in Burma, as will be shewn hereafter, tertiary 
mammals are found in the beds of the river valleys. 

Relations to tertiaries of Himalaya, Punjab, and Sind.— 
South of the great Indo-Gangetic plain, the post-tertiary deposits 
rc^c j. upon old fonnations, all of pre-tertiary date, but to the north 
and \ \west of the plain, at the base of the Himalayas, and on the 
flanks f the hill ranges in Sind and the Punjab, as well as throughout 
iho vali5^ |o^ of Assam, later tertiary rocks immediately underlie the 
j>ost-tertiar;7> V beds. There is, in these cases, a marked distinction 
l)etwccn the ^yo^ the pliocene tertiaries of the Siwalik formation being 
greatly disturbel^^ b and evidently older than the last great changes in 
the relative levclfc?®^ of tlic Himalayan region, Afghanistan and Balu- 
chistan, whilst th?^^} modern alluvial deposits preserve their original 
liorizontality. But even in this cixsc the difficulty, already noticed, 
of drawing a definite 1 iij?‘^c between the tertiary and the later beds is 
exemplified, for, in the upp?^ '^rmost beds of the Siwalik series, some mam- 


malia arc represented, of wP^'bich the bones are also found in the older 
valley deposits of the Peninsu difficulty increases on passing 

into the Irawjidi valley in Bui^^ ^l^^^^here beds, apparently representing 
the disturbed Siwalik rocks and the same species of mammals, 

arc found horizontal and unconsolidated immt^^^diately beneath the sub- 


recent valley deposits. 


n,t 


Evidence of glacial epoch.— It has already been stall? W that there 
is, in Peninsular India, so far as is known, no physical evidence >? of a 
geologically recent cold epoch, and some European geologists appear .. ^ o 


» It will be slicwn presently llmt the opinion lieltl by some obaerverB, tbsit the older 
nllnvittl deposi^^ S'! ^*ngctic plain arc marine, is unsupported by evidence. 
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doubt whether India was affected by the glacial period. There is in the 
Himalayas abundant and unmistakable evidence of a great extension of 
the glaciers at no very distant geological date, ancient moraines being found 
in many valleys of Sikkim and Eastern Nepal at elevations of between 
7,000 atid 8,000 feet,^ and distinct traces of glacial action exist in valleys 
the lowest portion of which is not now more than 5,000 feet® above the 
sea. Moraines have been noticed by Colonel God win- Austen*’ farther cast 
in the Naga hills, south of the Assam valley, as low as 5,000 feet ; in 
the Western Himalayas, perched blocks arc found 3,000 feet above the 
sea,'* and very large erratics have recently been noticed in the Upper 
Punjab at much lower elevations.^ It has, however, been suggested that 
the Himalayas, although they are still the loftiest mountains in the 
world, may have been depressed 8,000 feet since the period when the 
glaciers reached their maximum extension,® and the supposed erratics 
of the Western Himalaya and Punjab have been referred to river ac- 
tion.'' The explanation in both cases appears quite inadequate by itself, 
unless the temperature was much lower than at i)rcsent ; still, it is of 
much importance to ascertain whether any collateral evidence is pro- 
curable of a cold period in India in later tertiary or post-tertiary times, 
it being remembered that a general refrigeration of the earth^s surface, 
suiRcient to produce an arctic climate in Central Europe, would not 
diminish the temperature of the Indian Peninsula below the average 
of the temperate zone at the present time. 

It is true that no proof of the former existence of glaciers on the 
hills of Southern India has ever been detected, but this is important 
so far as negative evidence can be trusted, because it accords with the 
general absence, throughout the Peninsula of India, of any indication of 
dei)rcssion on a large scale in recent geological times, and with the 
probability of the peninsular area having lately undergone a slow ele- 
vatory movement. The fact, however, that the hills of Southern India 
are probably higher, certainly not lower, than they were in late geologi- 
cal times, lends mucli force to the argument, derived from the animals 
and plants inhabiting them, in favour of a lower tem])erature having 
existed at a comj)aratively recent geological j)ej iod. 

’ Hooker’s Ilimaliiynu Jouriitils, II, p. 7, &c. 

» J. A. S. n., 1871. XL. Ft. 2 , p. 393. 

3 J. A. S. 1875, XLIV, Ft. 2. p. 209. 

< Mem. a. S. I., Ill, Ft. 2, p. 155. 

3 By Messrs, 'rkeobald and Wynne, Bee. 0. S. I., VII, p. 80, X, pp. 123, 140; Mem. 
a. S. I., XIV. p. 116. 

“ Mem. G. S. I.. Ill, Ft. 2, p. 166. 

- J. A. S. B., 1877. XI.VI. Ft. 2, p. 1. 
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Fauna and flora of Indian mountains.— This argument is, 
briefly, the following. On several isolated hill ranges, such as the 
Nilgiri (Neilgherry), Animale (Animullay), Shivarai (Shevroys), and 
other isolated plateaus in Southeni India, and on the mountains of 
Ceylon, there is found a temj)erate fauna and flora, which does not 
exist in the low ])lains of Southern India, but which is closely allied 
to the temperate fauna and flora of the Himalayas, the Assam range 
(Garo, Khasi, and Nsiga hills), the mountains of the Malay Peninsula 
and Java. Even on isolated peaks, such as I^arasnath, 4,500 feet high, 
in Behar, and on Mount Abu in the Arvali (Aravelli) range, Raj- 
])iitana, several Himalayan plants exist. It would take up too much 
space to enter into details : the occurrence of a Himalayan plant like 
Jihododeudron arhorenm, and of a Himalayan mammal like Maries 
vipda on both the Nilgiris and Ceylon mountains will serve as an 
example of a considerable number of less easily recognised species. In 
some cases there is a closer resemblance between the temperate forms 
found on the peninsular hills and those on the Assam range ' than 
l)e tween the formei* and Himalayan species, but there are also conneetions 
between the Himalayan and peninsular temperate regions which do not 
extend to the eastxjrn hills. The most remarkable of these is the 
occurrence on the Nilgiri and Animale mnges and on some hills further 
south, of a species of wild goat, Capra hylocnusy belonging to a sub-genus 
(JhmUragns)^ of whi(4i the only otherknown species, C,je7ulaica^ inhabits 
the tem])erate r(?giou of the Himalayas from Kashmir to Bhutfin. This 
case is remarkable^ because the only other wild goat found comphtedy 
outside the Pala-avctic Region is another isolated form on the mountains 
of Abyssinia.” 

The range \n elevation of the tem])erate fauna and floia of the 
Oriental region in g<‘neral appears to dej)end more on humidity than 
tem])erature, many of tlu? forms, which, in the Indian hills, arc peculiar 
to the higher ranges, being found represented by allied species at lower 
elevations in 1 he damj) Malay Peninsula and Archipelago, and some of 

* Only one species of ijliint, however, is inoiitioiied by Hooker and Thomson (Introductory 
Essay to the Flora ludica, p. 238) as being found both in the Khasi hills and Nilgiris, hut 
not in the Himalayas. One laud shell nt least, Bnlimtis nilagarictis, has the same distri- 
bution, and the genus Strepiaxis is found iu Hurina, the Ehdsi bills, and the Southern Indian 
ranges, but not in the Himalaya west of Bhutan. Several other iustauccs might be quoted. 

" A still more extraordinary case, if confirmed, would be the occurrence of a snake 
be - iiging to the Palfearctic genus Hahfs on the hills of Southern India, but the affinities 
of Trigonocephalus ellioti are still doubtful, the species not having been discovered by 
biter observers. The importance of the occuiTcnce of a wild goat on the hills of Southern 
India is slightly diminished by Mr. Lydekker's discovery of extinct species iu the Siwaliks 
and in the upper tertiary beds of Perim Island. 
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llie hill forms being; even found in the damp forests of the Malabar 
coast. The animals inhabiting the Peninsular and Ceylonese hills 
belong, for the most part, to sj)ccies distinct from those found in the 
Himalaya and Assam ranges, &c. ; in some cases even genera are pecu- 
liar to the hills of Ceylon and Southern India, and one family of snakes 
is unrepresented elsewhere. There arc, however, numerous jdants and 
a few animals inhabiting the hills of Southern India and (Ceylon which 
are identical with Himalayan and Assamese hill forms, but which are 
unknown throughout the plains of India. 

That a. great portion of the temperate fauna and flora of the South- 
ern Indian hills has inhabited the country from a much more distant 
epoch than the glacial period may be considered as almost certain, there 
being so many peculiar forms. It is possible that the species common 
to Ceylon, the Nilgiris, and the Himalayas may have migrated at a 
time when the country was dami)cr, without the temperature being 
lower, but it is difficult to understand how the plains of India can have 
enjoyed a damper climate without either depression, which would have 
caused a large portion of the country to be covered by sea, a diminished 
temperature which would check evaporation, or a change in the prevail- 
ing winds. The deiu’cssion may have tfiken place, but the migration 
of animals and plants from the TIiinalayas to ("ejdon would have b(?cn 
prevented, not aided, by the southern area l)eing isolatt^d l)y sea, so that 
it may be safely inferred that the j)eriod oC migration and the ]>oriod of 
depression were not contemporaneous. A change in the prevailing winds 
is improbable so long as the present distribution of land and water exists, 
and the only remaining theory to account for the existence of t he same 
species of animals and plants on the Himalayas and the hills of Southern 
India is depression of temperature.^ 

Post-tertiary changes of level in the Indian Peninsula. — In the 
preceding discussion of changes probably caused by the glacial period, and 
also in the chapter on latcritc, a recent rise of the Indian Peninsula was 
mentioned. It will be useful, Iwjforc describing the post-tertiary formations, 
to state the evidence on which the belief in a recent rise of land is founded. 

^ The above i.s a meagre and condensed account of a very interesting subject, which 
requires further enquiry. One possible objection may be answered at. once. It is true 
that many of the temperate damp-loving forms of the Nilgiris and Coylon hills are forest 
forms, and it may be urged that they might have migrated when tlic plain.s of India wore 
covered with forest. But, judging from what remains of the forest on the plains of the 
Carnatic, Deccan, Central Provinces, &c., the flora even when the whok was forest diflerod 
so widely from that of the hills, that it is improbable that any general diflusion of liill 
species could have taken place without a chaugc of cUiiiatc. 

In a subsequent chapter, reference 'will bo made to the probable influence of the 
glacial epoch on the Siwalik luanmudiaii fauna. 
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In the chapters of this work relating to the Himalaya, the Pimjah, 
and Sind, it will be ^lewii that great disturbances and important changes 
have taken place since the close of the pliocene epoch. In all the 
countries mentioned, rocks containing the remains of later tertiary mam- 
malia arc found dipping at high angles and not iinfrequently vertical, 
and although, in the Himalayas, there is evidence of great disturbance 
at an earlier period, it appears probable that the older tertiary rocks 
in Sind have been chiefly, if not entirely, npheaved since the deposition of 
the pliocene beds. In Baluchistan also pliocene strata arc found greatly 
disturbed, but the direction of the folds into which the strata appear to 
have been thrown is at right angles to the strike of the anticlinal and 
synclinal axes in Sind. 

There is no clear evidence that any portion of the Peninsula of India 
was affected by the disturbances to which the elevation of the Hima- 
layas and of the Suleman and Khirthar ranges in the Punjab and 
Sind is due. But it is scarcely credible that, whilst such enormous 
changes were taking place in neighbouring areas, no alteration of level 
should have ensued in the Peninsula. In the sea to the south-west, the 
presence of the Maidive, Laccadive, and Chagos groups of atolls and 
coral reefs j)oints to slow depression, and there is unmistakable proof of 
a recent sinking of the land on the Arabian coast near the mouth of 
the Persian Gulf.^ On the coasts of India, except in the Gangctic delta, 
however, no distinct evidence of recent dej)rcssion has been noticed, ^ 
whilst at several ])omts contrary indications have been detected. 

Commencing on the eastern coast of India, the first thing to be 
noticed is, that the low-level laterite is deposited on a gentle slope of 
oldt'r rocks, such as is formed by the sea, and known as a plane of 
marine denudation. It is true that this slope has been much broken up 
and denuded in places, so that the period of its elevation may be old, 
counting by years, but the fact that the laterite rests u])on a surface of 
the older rocks, unaffected by subaerial action, shews that the period of 
elevation and the formation of the laterite were either contemporaneous, 
or separated by a brief interval of time, and the post-tertiary date of the 
laterite is proved by the presence of human implements. 

Around some of the hills, also, as already noticed in the remarks on 
laterite, rounded pebbles, api)arently belonging to an old sea beach, 
are found cemented by laterite. This is at an elevation of probably not 
less than 101) to 200 feet above the present sea-level. Nearer to the sea, 

» Kec. G. S. I., v, p. 76. 

* For iDStnncos of encroachment by the sen on the const, see NewhoUl, Jour. R. A. S.^ 
VI 11, pp. 250, 252, Ac., nnd King and Foote, Mem. G. S. I., IV, p. (362). The dcstriictiun 
inLMiii(<ncd is, however, solely due, so fur as is known, to the ordinary action of the waves, 
and no depression of laud has been shewu to take pliice. 
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beds of marine or estuarine shells liave been found both in Orissa and 
near Madras, at a heig*ht of several feet above the sea, and at a considerable 
distance inland. Further details of these beds will be given on a 
subsequent page. On the coast of Orissa, parallel ranges of sand-hills 
appear to mark old shore lines ; the tide is said formerly to have come 
farther up the rivers * than it does now, whilst the Black Pagoda near 
Puri (Pooree), originally said to have been built on the sea-shore, is now 
more than a mile distant inland.^ In the extreme south of India, 
near Ramnad, sandstones occur, some of which form Adames Bridge 
between the Peninsula and Ceylon ; and it is stated by Newbold ^ that 
these beds contain recent marine shells, and must have been raised from 
the sea at no distant date. It, however, remains to be seen whether the 
rocks are not of tertiary age, like the Cuddalorc sandstones. 

Passing onwards to the west coast, the low-level latcrite is again 
found resting on a slope of the older rocks, and this slope again presents 
the characters of an ancient plane of marine denudation. Tlic latcrite 
in the Bombay Konkan, near the coasts appears to be raised to a greater 
height above the sea than on the opposite shore of the Peninsula ; this 
may be due to the much greater destruction of the west coast by the 
sea, and to the circumstance that the newer latcrite at the lowest level 
has been swept away; the force of the sea on this coast being increased by 
the strong south-west monsoon, whilst the defence afforded by river 
deposits on ihc east coast is in a great measure wanting on the western. 
But it is also probable that more elevation has taken place to the westward, 
and some further evidence to this effect will be mentioned, in reference to 
the alluvial deposits of the rivers Narbada and Taj)ti. At Bombay 
recent marine shells are found, forming the flat on which part of the 
city is built, several feet above high-water mark. In Kattywar, 
esi)ccially near Porbandar, dead oysters were found by Mr. Theobald in 
the creeks at several places far above the j^rcsent range of the tide, and 
at Patan, barnacles and serpnlcc were observed on the foundation of an 
old temple, now only wetted by the highest floods. In Sind, a number 
of oysters have been noticed attached to a low cliff at least 10 feet 
above high-water mark close to Cape Monze.^ In the case of Kattywar 
and Sind, however, the elevation may be very recent, and these countries 
are beyond the true peninsular limits. 

Hypothetical marine origin of Sahyadri scarp.— The escarp- 
ment of the Sahyadri range, a remarkable feature of the hills parallel 

* Mem. G. S. I., I, p. 276. 

2 For niauy native traditions of a rise of laud both on the Coromandel and Mnhibnr 
coasts, see Newbold, Jour. H. A. S., VllI, p* 250, &c, 

3 1. c., p. 243. 

^ AIS. reiwls ; see also Kec. 0. S. I., V, p. 111. 
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to the western coast of the Peninsula, has frequently beem noticed as 
furnishing* evidence of a rise of land. Througphout the trap country of 
the llombay Presidency, the Western Ghats rise from the Konkan in an 
almost unbroken wall, varying in height from 2,000 to 4,000 feet, 
cut back in places by streams, projecting here and there into long 
promontories, but preserving throughout a singular resemblance to sea 
clifPs. This resemblance, however, ceases to a great extent to the south- 
ward, where the metamorphic rocks replace the horizontal basaltic traps. 
The cscarj^ments of tlic Malwa plateau, north of the Narbada, and of the 
Deccan plateau south of Khandesh, although far inferior in elevation 
to the scarp of the Sahyadri, resemble the latter too closely in appearance 
to justify the assum})tion, without further evidence, that the cliffs of the 
Western Ghdts arc of marine origin. The parallelism of the Sahyadri 
escarpment to the sea-coast is suggestive of a connexion between the 
tw^o, and this connexion is strengthened by the facts that a thickness 
of at least 4,000 feet of bedded trap has been removed from the surface 
of the Bombay Konkan, and that the plane of marine denudation alrcjuly 
mentioned as supporting the low-level laterite extends in j)laces nearly 
to the foot of the scarj). The circumstance that the hills of the Sahyadri 
are inhabited by certain fresh-water mollusca belonging to the genus 
Cremnoco7iclf n8y which is unknown elsewhere, and which is so closely 
allied to Indian forms of the littoral marine genus Littorina as to render 
it proljablc that both arc descended from the same ancestors, also tends 
to strengthen the view that the Sahyadri mountains were formerly 
washed by the sea. But it is certain that great denudation has taken 
j)lace since the scarp was a sea clifF, and it is far from improbable, even 
if the sea once extended to the base of the W’^estern Ghats, that the ejioch 
belonged rather to tertiary than post-tertiary times. It is also possible 
that the isolation of the different hill ranges of Southern India, such as 
the Shivarai, and the denudation of the Palghat Gap south of the 
Nilgiri plateau, are due in part to ancient marine action of the same 
date as the formation of the Sahy^ri escarpment. In this case, as in 
so many others connected with Indian geology, all that is now possible 
is to suggest probable interpretations of phenomena, and to leave them 
for future exploration to confirm or contradict. 

Depression of land in deltas of Indus and Ganges. — But 
whilst throughout the rock area of the Indian Peninsula there are 
numerous proofs of an elevation of land during late geological epochs, 
the evidence of depression is equally marked in the delta of the Ganges, 
and probably in that of the Indus. The details of the Calcutta 
bore-hole will be given in a subsequent page, and they alone suffice to 
prove that the ground in the neighbourhood of the Hooghly must have 
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been depressed at least 4-8() feet in comparatively recent times. ^Phere 
are also other circumstances connected with the physical geography 
of the delta which point to the probability of considerable sinking 
having taken place. In the delta of the Indus the evidence is less 
clear, and the only known cases of depression are those said to have 
coincided with the earthquakes of 1819 and 1845. Both east of the 
Indus delta, in Kattywar, and to the westward near Cape Monze in 
Sind, there is, as already noticed, evidence of a recent rise of land, and it 
is probable that the lower portion of the Indus plain, with the Ran of 
Cutch and other tracts in the neighbourhood, have only, in recent geolo- 
gical times, been converted into land, as will be shewn when describing 
the delta. 

Volcanic eruptions in Bay of Bengal. — It must not be forgot- 
ten that the great belt of volcanoes which extends throughout the Malay 
Islands, Java, Sumatra, &e., is supposed to termiiifite in Barren Island 
in the eastern portion of the Bay of Bengal, at a considerable distance 
from the coast of the Indian Peninsula. The belt of volcanoes should 
perhaps rather be considered as terminating at Narcondam than at 
Barren Island. By many writers it has been suggested that the mud 
volcanoes of Cheduba and Rdmri on the coast of Arakan are a northern 
continuation of the Malay volcanic chain, but this is impiobable, desj)ite 
various accounts of eruptions and upheaval of land, because there is no 
known connection between the so-called mud-volcanoes^^ and true 
volcanic action.^ A distinctly volcanic outburst, accompanied by 
showers of |)umicc and ashes, is said to have taken place in the sea off 
Pondicherry in 1750,'^ and to have formed a shoal which snbse(iuently 
disapi^eared, but the dcscri])tion, as in the case of the Cheduba eruptions, 
contains some elements of doubt. 

Lonar Lake. — This is, })erhaps, the best place to notice a very curious 
(Tateriform lake ^ situated in the interior of the Indian Peninsula, near 
the village of Lonar, about 40 miles east by north of Jdlna, in the northern 
part of the Nizamis territorj^, and about half way between Bombay and 
Nagpur. The surrounding country for hundreds of miles consists entirely 
of Deccan trap; in this rock, at Lonar, there is a nearly circular hollow 
about 300 to 400 feet deep, and rather more than a mile in diameter, 
containing at the bottom a shaboAV lake of salt water without any 
outlet. This water deposits crystals of scsquicarbonate of soda according 

* For a full account of these supposcfl eruptions, sec Huist, Ed. New Phil. Jour,, 1852, 
Lll, !>. 342. The mud -volcanoes of Kainri will be further noticed in t’.ic chapter on Purina. 

2 J. A. S. li., 1817 XVJ, p. 499. 

3 Malcolmson, Trans. Gcol. Soc., Ser. 2, V, p. 582; Nevbold, Jour. lloy. As. Soc., IX, 
p. 40 (with this paper there is a fairly executed view of the lake) ; O. Smith, Mad. Jour. 
Lit. Sci., XVII, p. 1. See also Kec. Q. S. I., Vol. I, p. G3, where other references are ^iveu. 
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to Malcolmson, who analysed them. The sides of the hollow to the 
north and north-east are absolutely level with the surrounding country, 
whilst in all other directions there is a raised rim, never exceeding 100 
feet in height, and frequently only 40 or 50, composed of blocks of 
basalt, irregularly piled, and precisely similar to the rock exj>osed on the 
sides of the hollow. The dip of the surrounding traps is away from 
the hollow, but very low. 

It is impossible to ascribe this hollow to any other cause than volca- 
nic explosion ; no such excavation could be produced by any known form 
of aqueous denudation, and the raised rim of loose blocks around the 
edge appears to preclude the idea of a simple depression. It is true that 
tliere is no sign of any eruption having accompanied the formation of 
the crater ; no dyke can be traced in the surrounding rocks ; no lava or 
scoriae of later age than the Deccan trap j^eriod can be found in the 
neighbourhood. The raised rim is very small, and cannot contain a 
thousandth part of the rock ejected from the crater ; but it is impossible 
to say how much was reduced to fine 2 >owder, scattered to a distance, or 
removed by denudation. 

Assuming that this extraordinary hollow is due to volcanic explosions, 
the date of its origin still remains to be determined. That this is long 
posterior to the epoch of the Deccan traps is manifest; for the hollow 
api)cars to have been made in the ])resent surface of the country, carved 
out by ages of denudation from the old cretaceous lava flows. To all 
appearance, the Lonar lake crater is of comparatively recent origin ; 
and if so, it proves that in one isolated spot in India, a singularly violent 
explosive action must have taken place, unaccompanied by the eru[)tion 
of melted rock. Nothing similar is known to occur elsewhere in the 
Indian Peninsula. 

Various forms of post-tertiary deposits.— The following arc 
the most important post- tertiary formations in Peninsular India, the 
newest being placed first. The Indo-Garigetic 2^1aiu will be treated in 
the jircsent chajitcr as a portion of the Peninsula. 

1. Blown sand. 

2. Soils, includinp; black soil or regur. 

3. Modern allnvial deposits of rivers and deltas. 

4. liaised littoral accumulations o£ shells, sand, &c. 

5. Alluvium of the Coromandel coast, Giizerat, Cutch, &c, 

6. Coast latcritc. 

7. Older alluvial river deposits. 

Alluvium of Indo-Gangctic plain. 

Narbada gravels. 

Godavari gravels and other older river deposits. 

8. Cave deposits. 
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It will, however, not be convenient to treat of these deposits precisely 
in the order mentioned, which coincides, so far as is known, with the 
probable geological succession of the various beds. Tlie newer and the 
older forms of alluvial deposits are in many parts of India so closely 
connected with each other, and so difficult to distinguish, that they must 
be discussed together. The coast laterite has been already described 
in the last chapter. 

Gave deposits. — There is only one locality in the Indian Peninsula 
at which mammaliferous cave deposits have been detected. This is at a 
place called Billa Surgam,^ a few miles north of Banaganpili, in the 
Karniil district. Tlie caves are in limestone belonging to the Kamul 
transition series ; the interior of the hollows examined is encrusted with 
stalagmite, and, beneath a floor of this substance, a red indurated marl 
is found, abounding in bones of mammals, large and small. The bones of 
the smaller animals are said to occur in large quantities. A collection made 
by Captain Newbold, who discovered the caves, was presented to the 
Asiatic Society of Bengal, but no description of the bones was ever 
published, nor can the specimens be found at present. A larger and 
more perfect collection was retained by Captain Newbold for examination 
in Europe, but no account of it appears ever to have been published. 
During the period of more than thirty years which has elapsed since atten- 
tion was called to the loca]^y by Cai)tain Newbold, the spot appears to 
have been forgotten, and we are still ignorant of the value of the 
mammalian remains preserved.® 

Kankar (kunkur). — Before proceeding further, a few words arc 
requisite in explanation of a word which it will be found necessary 
to use occasionally in the following pages. To Anglo-Indians it is 
quite unnecessary to exjdain the meaning of the terra kankar ^ l)ut 
the explanation may be of some use to European students. The 
original signification of the word is gravel, the term being applied 
to any small fragments of rock, whether rounded or not. ]5y Anglo- 
Indians, however, the name has been especially used for concretionary 
carbonate of lime, usually occurring in nodules, in the alluvial deposits 
of the country, and especially in the older of these formations. The 
commonest form consists of small nodules of irregular shai^e, from 
half an inch to three or four inches in diameter, and composed 
within of tolerably compact carbonate of lime and externally of a 

‘ A description by Captain Newbold, the discoverer, is given ; J, A, S. B., XIII, 1844, 

p. 610. 

2 It is proposed by the Geological Survey to rc-cxiimiuc the locality as soon ns 
possible. 
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mixture of ciirboiiatc* of lime and elay.^ The more massive forms 
are a variety of calcareous tufa, which sometimes forms thick beds 
in the alluvium, and frequently fills cracks in the alluvial deposits, 
or in older rocks.^ In the beds of streams immense mass(?s of calcareous 
tufa arc often found forming the matrix of a conglomerate, of which 
the pebbles are derived from the rocks brought down by the stream. 
Tlicre can be no doubt that the kankar nodules, calcareous beds, and veins 
are all deposited from water containing in solution carbonate of lime, 
derived either from the older rocks of various kinds, or else from frag- 
ments of limestone and other calcareous formations contained in the 
alluvium. 

Older river sfravels and clays. — The older alluvial deposits of the 
Indian rivers comprise a large ix)rtion of the enormously thick clays, 
gi’avels, fee., of the great idains of Northern India, and they are also 
well represented in the valleys of the Peninsula. Leaving for the 
moment the description of the Indo-Gangetic jdain, the various older 
alluvial deposits of the peninsular rivers deserve notice, both on 
account of the area occupied and of the organic remains they have 
yielded. Tlie rivers of the Peninsula may be divided into two 
groups ; the first, comprising the Narbada and Tapti, which flow west- 
ward, draining the central portion of the peninsula, and the second in- 
cluding the Mdhanadi, Godavari, Krishna, ^ennar, Kaveri, and several 
minor streams flowing eastward into the Bay of Bengal. A third 
group might be composed of the southern affluents of the Ganges, the 
Chambal, Son, &c., whilst some streams of Rajputana and Guzerat, of 
which the most important are the Main and Luni might be classed with 
the Narbada and Tapti, but none, except the two last named, are known 
to contain old alluvial de])osits of any impoitance. 


> The following analyses will give a fair idea of the usual composition of nodular 
kankar : — 
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1, Gliazipur, Prinsep, OIrnnings in Science, III, p. 278; 2,3,4, Raniganj, Dejonx . 
Roe. G. S. 1., VIT, p. 123; 6, Ihirmnri ; 0, Rnmiingnr ; 7, Sankioriu, all near Runiganj, 
Tween, ibid. ; 8, 9, Saharanpur, I'hoinson, Rurki Treatise, Civil Engineering, 1, p. IIB. 

2 See the account by Captain E. Smith of ihc kankar in the Jumna ulluvimn, J. A. S, R., 
II, \\ G22; also Ncwbold, J. R, A. S., VllI, p. 258. 
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Alluvial plains of Narbada, Tapti, &c.— In dealing with the two 
groups first named, one striking peculiarity deserves notice. Extensive 
alluvial plains, composed o£ clays and gravels, exist in the valleys of 
the Narbada and Tapti. In the Narbada vaMey, the principal plain 
extends from a little east of Jabalpur to Harda, a distance of more 
than 200 miles, and varies in breadth from 12 miles to 35. There is 
a smaller plain further down the river extending for about 80 miles 
from Barwai to the Ilarin Pal, south of Bagb, but it is comparatively 
ill-marked, the alluvial deposits are much less deep so far as is known, 
and no mammalian remains have been found in them. In the Tajjti 
valley, there is a large plain in Khandesh, extending east and west for 
about 150 miles, and terminating to the eastward close to Burhanpitr. 
This plain lies chiefly to the north of the river, and is probably in places 
as much as 30 miles wide, but its limits have not been accurately de- 
termined. It appears to be connected by a narrow ajluvial belt to the 
south-east with the plain of the Puma,’ a tributary of the Tapti, drain- 
ing a great portion of Berar. The Puma plain is at a higher level 
than Khiindesh, and is about 100 miles long, and in places 40 miles 
broad, its eastern extremity being near Amraoti (Omrawattce) , so that 
the whole length of the combined Tapti and Puma plains is about 240 
miles. The Tapti plain and both the Narbada plains arc closed on the 
west by rfteky and hilly country, through which the river has cut a 
channel with a rapid descent, and in the Narbada, as will be explained 
presently, it is ascertained that the upper alluvial basin extends to a 
considerable depth beneath the level of the river bed at the point of 
exit, so that the alluvial plain lies in a gi’eat rock basin. 

In the valleys of the eastward-flowing rivers, such as the Godtlvari, 
Krishna and K^veri, there are no such broad and well-defined alluvial 
plains as in the drainage areas of the Tapti and Narbada. There are 
numerous extensive alluvial flats in many places, but they are far inferior 
in extent to the Narbada and Taj^ti plains, and they appear to be chiefly 
due to the river having worn a broad valley through soft, or easily disinte- 
grated rocks. This is especially the case on the Goddvari and its tribu- 
taries, the alluvial portions of the river valley being in the Gondwana 
series, or else in the Deccan traps, whilst the river traverses rocky gorges 
through the mctamorphic rocks forming the various " barriers, at the 
plac es where the valley leaves the softer formations. On the Narbada 
and Tapti it is otherwise ; the locks underlying the alluvial areas, so 
far as they are known, are of the same kind as those cut through by 
the rivers at their exit from the plains. It is not improbable that the 

> This is not quite certnin, however, the ground not having been properly surveyed. 
Thtjrc is a considerable amount of rock exposed in the rivers between the two plains, but the 
lull from one to the other cannot he much more than 100 feet to judge by the railway levels. 
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formation of these well-defined plains in the Narbada and Tapti valleys, and 
the absence of similar flats on the Godavari and Krishna, may be due to 
the rise of the Indian Peninsula in post-tertiary times havini? been, as al- 
ready suggested, greater 6r more rapid to the westward than to the eastward. 

Old aJluviiim of Narbada. — Partly in consequence of mammalian 
bones having been discovered in considerable quantities, and partly be- 
cause the geology of the neighbouring country is of so much interest 
and variety as to have attracted the notice of many geologists, the 
alluvial deposits of the Narbada valley have received far more attention 
than similar formations on the banks of the other Indian rivers.^ The 
great plain already mentioned as extending from J abalpur to Harda is 
chiefly composed of a stiff, reddish, brownish or yellowish clay, with 
numerous bands of sand and gravel intercalated. Kankar abounds through- 
out the deposit, and pisolitic iron granules are of frequent occurrence 
in the argillaceous beds. Occasionally pebbles and sand are found 
cemented together by carbonate of lime so as to form a hard compact 
conglomerate. This rock is csi)ecially developed at the base of the alluvial 
deposits, and, not; only in the Narbada, but in many other river valleys, 
it is often found forming a coating to the underlying rock. The clay 
is frequently quite devoid of stratification, but it appears never to 
attain any great thickness without sandy layers intervening. The river, 
in many places, cuts through the clays, sands and gravels to the underly- 
ing rock (usually belonging to the transition series) , and the section of old 
alluvial deposits on the banks of the stream never greatly exceeds 100 
feet in depth, this being about the usual difference in elevation between 
the bed of the Narbada and the general surface of the alluvial plain 
in the neighbourhood of the river. But in a boring which was made 
at Siikaklieri, north of Mopani and south of the Gadarwara station 
on the Great Indian Peninsula Railway, a depth of 491 feet was 
attained, without the base of the alluvial deposits being reached : 
another bore-hole was made through alluvial beds close to Gadar- 
wara station to a depth of 251 feet. Tliese bores were made for 
the purpose of ascertaining if tlie coal-l^aring rocks of Mopani 
extend to the northward ; and the great depth of the alluvial deposits 
was quite unexpected. Throughout the thickness of nearly 500 feet, 
no change of importance was detected in the alluvial formations. By 
far the greater portion of the beds traversed consisted of clay with 
calcareous and ferruginous grains, sand and pebbles being found occa- 
sionally throughout. The bottom of the bore-hole was in lateritic 
gravel, and it is possible that rock was not far distant. 

' For descriptions of the Niirhndii nllnvinl deposits, sec Tlicobald, Mem. fl. S. I., 11, 
pp.S7a-238. See also Mem. Q. S- 1., VI, pp. (327H2a2) j Ucc. O. S. I., VI, p. iU, VIII, p. 66. 
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The evidence thus obtained of the depth to which the alluvial de- 
posits of the Narbada valley extend proves that they fill a rock basin, 
for tlie bed of the Narbada river, at the point where it leaves the 
alluvial plain near Ilindia and commences to run through tlic rocky 
ehannel whieli extends to Barwai, is not more than 200 feet below the 
level of the surface at Gadarvvara and Sukakhcri, and the valley is 
surrounded by higher rocky ground in every other direction. A slight 
prolongation of tlic alluvial basin to the south-west in the direction of 
Ilarda, the prevalence of alluvium in j)arts of Nimar, and the circum- 
stance that there is a great break by which the railway traverses the 
Satpiira range, immediately east of Asirgarli, may indicate tliat the 
upper Narbada formerly joined the Tapti in Khandesh,* and that tlic 
lower valley of the foj-mor river as it now exists is due to changes of 
level in the later post-tertiary period. 

Tlio surface of the Narliada alluvium is undulating, and evidently 
denuded by the action of rain and streams. There is a slight slope of the 
surface to the westward throughout thcidain ; the elevation of the railway 
station at Ilarda, at the western extremity of the alluvial tract, being 
VM7 feet above the sea, whilst Sohagjnir station is 1,103 feet, Narsing|)ur 
1,185, and Jabalpur, which, however, is on rock a little ahovo tbo j)laiii, 
1,351. The fall of the surface in 200 miles is probably about 300 feet. 

Palaeontology. — DifCorcnt views have he(‘n put forward as to tlie 
marine, lacustrine, or fluviatilc origin of the Narbada alluvial deposits, 
blit, before eoTisidcjring these, it will he well to give a list of the organic 
remains hitherto idontitied. They consist of hones and shells, and tlie 
following species have been determined'^ : — 


Mammalia — 

Man (stone weapons), 
sp. 

ZTrstis 7iam<JidlcvSf I’l. XX, fi^. f», 

molars. 

sp. 

IClephas namadlcus, PI. XX, fi". 5, 
molar, 8, skull. 

JR. iSU'godon) insiffnis. 

Hhiuorcros namadicus, PI. XX, fig 
astragilus. 

JEqnns namadirnsj PI. XX, fig. 
molars. 


VErtTEBUATA. 

Slppopoiamus {Jle.raprofofhtn) na- 
madiriis, PI. XX, fig. 2, inandiMo. 

JT. {Tetraprofodon) p<fJo‘indi(‘u.s', J^l. 
XX, fig. 7, molar. 

vaniadlrifs\ PI. XX, fig. a, froiitk-i. 
J]. {JStihalus) pafadndiras^ PI. XX, 
fig. 1, skull. 

Crrvt/s {Rnrein'us) namadicus, 

TvEPTTLIA — 

Rmps iPaitgsItura) tccluw. 

JE. {Balagur) conf. dhongnhn. 

Trumyo', conf. gavgeficH.s’. 

Crocodilus, sp. 


9, 


4, ! 


1 The greatest elevation on the G. T. P. Railway, between the Narbada and Tapti valley, 
is 3,245 feet above the sea, or only 300 feet above Ilarda in tl»c Narbada alluvial plain, 

2 Mein. G. S. I., IT, pp. 284, 295 (these lists are not quite accurate) j Uec. G. S. I., II, 
p. 36 ; VI, p. 54; IX, p, 88. The last is a list of the mammalia by Mr. Lydekkcr. See also 
Falconer, Pal. Mem., I, p. 21 ; II, p. 677, &c. 

Note. — The species thus marked* are not determined with certainty, no specimens having 
been preserved in the Geological Museum. 
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GASTEBOrOPA — 

Melania tuherculata, 
Palndina hengahnsis. 
P. digs mil is. 

* Bgthinia cerameopoma. 

* B. pulchi'lla. 

Bnlimus insularis. 

* Lgmnea acinnhiaia. 


MOLLUSCA. 

Planorhis esrttstus. 

* P. compressus ? 
Lamellibbanchiata — 

Unio corrugatiis ? vai*. 

I U. in die us. 

U. sp. near U. shurileJJIanus. 

ZT. marginalis. 

• Corhicula, Bp., near C. siriaiella. 


The only trace of man hitherto found in these deposits consists of a 
chipped stone scraper or hatchet^ (PI. XXI, fig*. 1), discovered hy Mr. 
Hacket in situ near the village of Blmtra, 8 miles north of Gadarwara. 
The material is Yindhyan quartzite, and the form similar to that of 
some of the implements found in the lateritic deposits of Southern 
India, and in the post-pliocenc formations of Europe. 

The mammalian forms related to existing Indian species are Elephas 
7iamadicnSy allied to the existing Indian oleidiant, Bos palaiiidicus, veiy 
close to the living Indian wild buffalo, and Cervus namadiens^ a near 
relation to the Barasinglia (Cervus dnvaveelii). On the other hand, 
Elephas insignis and Jlippopofawvs natnadievs belong to extinct sub- 
genera, the first being common to the pliocene Siwalik rocks, and the latter 
replaced by a nearly allied species. IUpp)Opoiam'us pahei adieus and Bos 
namadicus are not nearly allied to any Indian living species ; the first 
belongs to a genus now only found in Africa, whilst the second, although 
having some characters in common with the living wild cattle of India 
Bos [Bihos] gavrusj differs from the latter in many im})ortant particulars, 
and aj)pears to be (juite as closely connected witli true taurine oxen be- 
longing to the ty])e of Bos lanrus. Bos namadicus, indeed, cannot be 
classed in the sub-division Bihos. The relations of the remaining mam- 
mals arc less distinctly made out, the specimens on which the species are 
founded being for the most part fragmentary. 

The only replile clearly identified is Emgs tectum, which is con- 
sidered identical with a living Indian form. It is very singular that 
only fragmentary remains of crocodiles occur, for they abound in the 
Siwalik rocks, and a species is common in the Narbada at the present 
day. The mollusca appear to be the same as species now living in the 
area, and all the commonest forms now known to occur in the river 
valley are represented,® except some minute species of land shells. 


* llec. G. S. I., VI, p. 49 ; two iigiircs of the implemciit arc given. 

2 The only exception of any importance is Melania spinulosa^ hut that is not by 
any means so generally distributed a form as M. tuherculata. The absence in the Narbada 
deposits of Melania varialilis and M. spinulosa, the latter of which is included in Mr. 
TheobiihVs lists of living Narbada species, Mem. G. S. 1., II, p. 287, was noticed by Dr. 
Falconer, Q. J, G. S., 18C5, p. 382, but it is extremely doubtful whether M, variabilis does 
exist in the Narbada valley or its neighbourhood. The occurreucc oi M. Igrata, included 
in Mr Tli«nbnb1*a 15 >t 1 /• i nl-n • -n,... 
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Their absence is not surprising, because land shells, for the most part, 
float when washed away, and are left on the surface, where they decom- 
pose instead of being preserved in alluvial deposits.^ 

Pluviatile origin of Narbada alluvium. — ^The examination of the 
molluscan remains in the Narbada clays and gravels completely dis- 
proves the idea of a marine origin, but it has been considered by some 
observers that the deposits are lacustrine.** This view was principally 
based upon the uniform appearance of the clay and the absence of 
stratification. But this very uniformity and want of stratification are 
common characters of undoubted river deposits, and may be observed on 
the banks of most large streams, whilst the frequent deposition of 
pebble beds throughout the clays could not have taken place in the 
waters of a large lake. The bones, too, arc isolated and broken, sometimes 
being even rolled, whereas, if deposited in a lake, different bones would 
in all probability be found together, because away from the margin there 
could be no current in the lake of sufficient force to transport Ixmes divest- 
ed of flesh, and any mammalian remains deposited in the bottom of the 
lake must be derived from floating carcases or poriions of carcases. 
Moreover, the Clielonia and fresh-water mollusca are all forms which 
inhabit either rivers or shallow marshes in river valleys, and it is imjm)- 
bablc, if so great a change took place in the area, as would be involved 
in the replacement of immense lakes, or chains of lakes, by a river 
valley, that a gi cater dilFerenee would not be produced between the tor- 
toises and fresh-water shells formerly inhabiting the waters and those 
still living. On tlic other hand, the fact, that the alluvial formation 
occupies a rock basin, shews that if the deposits w^erc produced by a 
river, a considerable upheaval of land must have taken place to the 
westward. The river Narbada, moreover, is now no longer a depositing 
stream within the alluvial basin ; on the contrary, it has cut its way 
through a considerable tliickncss of clays, and it must therefore have 
a greater fall than formerly. This, of course, may be due to the rocky 
edge of the basin having been cut through by the river, and by the 
channel of exit being consequently at a lower level. 

Tapti and Puma alluvial plains.— The alluvial plains of the 
Tapti valley require but brief notice." In their principal characters 
they resemble the Narbada plain, but the depth of the deposits is un- 
known, no deep liorings having been made. As in the Narbada valley, 
the river now runs at a considerable depth below fhc alluvial plain^ 

• Seo Mem. G. S. I., \L p. (231). 

2 Mem. G. S. 1., II, p. 283. 

S For a few lulditional details see Mem. G. S. I.. VI, pj,. (276), (286) : and Winne Rec 
G. S. I., II,p. 1. J • • 
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and is evidently cutting its channel deeper, and not depositing at present. 
The whole basin is composed of the Deccan trap, and the Tapti cuts 
its way out to the westward through the same formation. No remains 
of mammalia have hitherto been detected in the alluvium, but they 
will in-obaWy be found if sought after ; the few mollusea found, as in 
the Narbada plain, belong to recent fresh-w’^ater species inhabiting 
rivers. 

The difference in elevation between the Tapti and Puma plains is 
not accurately known, nor are the levels of different parts of the plains 
well determined, the only data available being those furnished by the 
railway. The height above the sea at Bhosawal, just south of the alluvial 
flat, near the eastern extremity of Khaiidesh, is 077 feet. This can- 
not be much above the flood-level of the Tapti river, for the rail-level 
at the bridge over the Tapti, only about 6 miles distant., is 6 85 feet. 
At Malkapur, close to the western extremity of the Piirna alluvial plain, 
the level is 816 feet, at A kola 917, at Murtazapur 986, and at 13ad- 
nera, south of Arnraoti, 1,093. The last locality, how^ever, is some 
miles distant from the south-eastern edge of the alluvium, and none of 
the railway stations are out in the alluvial plain as in the Narbada 
valley. 

The only peculiarity of the Puma alluvial deposits which deserves 
notice is the occurrence of salt in some of the beds at a little depth below 
the surface. Throughout an area more than 30 miles in length, extend- 
ing from the neighbourhood of Dhyauda, north of Akola, to within a 
few miles of Amrdoti, wells for the purpose of obtaining brine arc 
sunk in several places on both sides of the Puma river. The deepest 
wells are about 120 feet deep; they traverse clay, sand and gravel, and 
finally, it is said, a band of gravelly clay, from which brine is obtained. 
No fossils are found in the clay and sand dug from the wells. The 
occurrence of salt in the alluvial deposits of India is not uncommon, 
and it is impossible to say, without further evidence, whether it indi- 
cates the presence of marine beds. The absence of marine fossils in all 
known cases is opposed to any such conclusion, but still it is not impos- 
sible that the land may liave been 1,000 feet lower than it now is in late 
tertiary, or early post -tertiary, times, and this difference in elevation 
would depress the Puma alluvial area beneath the sea-level. 

Older alluvial deposits of Godavari.— It has already been 
mentioned that the alluvial deposits of the Godavari do not occur in 
distinct basins like those of the Narbada and Tapti, but the river in 
general has but a slight fall, and forms a broad alluvial plain where it 
traverses softer beds, whilst it cuts a steeper slope through harder rocks. 
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There is an exception to the latter rule in the gorge above Edjfimahendri. 
Extensive alluvial areas occur along the upper part o£ the Godavari in 
the Bombay Presidency and the adjoining portion o£ the Nizamis domin- 
ions, and similar traci-s are found on the Pen Ganga (Pyne or Pem 
Ganga), Wardha, and Wain Ganga^ tributaries of the Godavari, in Berar, 
Njigpur, and Chanda. 

The composition of these deposits difEers in no important particular 
from that of the Narbada and Tapti alluvium. The gravels are chiefly 
composed of rolled agates and fragments of basalt derived from 
the Deccan traps, which are the prevailing rocks in the upper part of 
the valley. The greater portion of the alluvium in all cases con- 
sists of brown clay with kankar. In the Wardha valley beneath the 
claj’^s and calcareous conglomerates some fine sandy silt, light brown or 
grey in colour, occurs west of Chanda, and contains salt, with a consi- 
derable proportion of suli)hatc of magnesia ‘ (Epsom salts). 

Bones of mammalia have been found — sometimes, it is said, in large 
numbers — in the Godavari valley, but very few a])])ear to have been 
preserved, and the only species identified is Elephm naiu adieus" Bones 
of Ijos and other animals occur, and it appears ])rol.)al)lc that the 
fauna is similar to that of the Narbada valley. From the gravels 
•near Mungi and Paitan (Pytun) on the road from Ahmednagar to Jalna, 
Mr. AVynnc obtained an agate flake® (PI. XXT, fig. 2), apparently of 
human manufacture, thus affording a second instance of traces of man 
occurring in the ])ost-tertiary river gravels of the Peninsula. 

TIic most important localities at which bones have been observed are 
the neighlx)urhood of Mungi and Paitan already mentioned, and one or 
more j)laces on the Pen Ganga or its tributaries in the neighbourhood of 
Hingoli.* At one sj)ot near Hingoli bones are said to have been 
found in immense quantities, but unfortunately they were not preserved. 

Krishna Valley. — The valley of the Krishna, in many respects, 
resembles that of the Godavari ; there are similar plains of alluvial 
clay with beds of sand, gravel and calcareous conglomerate, but none 
of these plains appears to be of great extent. Beds of gravel at 
a height of 60 to 80 feet above the present course of the river and its 
tributaries have been observed in many places. * 

» Roc. G. S. T., IV, p. 80 ; Mem. G. S. I., YIIT, p. 92. 

2 Falconer, Q. J. G. S., 1865, p. 381 ; Mem. G. S. I., VI, p. (232). 

3 For a deserij)tioii by Dr. T. Oldham and %urcB, see Kec. G. S. I., I, p. 65. 

^ Captain 0. W.Gray, Mad. Jour. Lit. Sci., VII, p. 477 (1838) : Carter on the authority 
of Dr. Bradley, J. B. Br. R. A. S., V, p. 304: Ncwbold, J. R. A, S., VIII, p. 246, Soc also 
Mem. G. S. I., VI, p. (232). 

“ Newbold, J. R. A. S., VIII, p. 247 : Foote, M, G. S. I., XII, p. 237, &c. 



390 


(JEOLOGV OF INDIA— POST-TERTIAKY AND RECENT. [Chap. XVI. 


The only important mammalian remains * hitherto found in tlic 
nlluvial deposits of the Krishna and its tributaries, consist of port ions of 
the eriinium and nuindible of ix Ilhiuoceros, and some bovine teeth and 
jaws, found on the Ghatprabha near tlic to^vn of Gokilk. The bovine 
remains have not be(*n determined ; the ]{hinocero{s has been desei’ibed 
under the name of B, deccaneiiftis by its discoverer, Mr. Foote." The 
species differs widely from all living forms, and does not ap])car to be 
very nearly connected with any known fossil Indian species. Some 
fresh-water shells, of living species, were found with the bones. 

It was probably from some parti of the upper drainage area of the 
Krishna, also, that Colonel Sykes obtained the teeth of a trilophodont 
described by Falconer^ under the name of M, pandioyiis, Lartet. 

Large numbers of chipped cpiartzite implements of human nuinufac- 
ture, and belonging to the same type as that discovered in the Narbada 
alluvium, have been found in various gravels in the Soiitbern Milhratta 
country on the Malj)rabha and other alllucnts of tlu^ Krishna.^ The 
relations between the ossiferous gravels and those containing the iriixde- 
ments arc, however, somewhat ol>scure. 

Nothing of im])ortance is known concerning the older alluvial deposits 
of the remaining rivers in the Indian Peninsula. 

It is in the Mahanadi, Krishna, and Pennar valleys that the princi|»al * 
diamond gravels arc found, frequently at heights (jonsiderably above 
the ])reseut stn‘am level. ^ The ])ebbles in the gravels are composed of 
various kinds of metainori)hic and transition rocks. 

I •* Foot. 0 , Mom. G. S. I., XII, p. 241 , 

“ Nowbold, Jour. Rt)>*. As. Soc., VII, p. 230. 


1 Mem. G. S. I., Nil, p. 232. 
= l\i\. IihI., Scr. X, 1. 
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ClIAPTEE XVII. 

PENINSULAR AREA. 

POST-TERTlAllY AND KECENT — {couHniied) 

Iiido*Qaii{vetic nlluvium : area and elevation — Origin of the Gangetie plain : no evi- 
dence of murine conditions in Upper India — Sub-recent marine conditions in the Indus 
area — Character of Tndo-Gangetic alluvium — Calcutta l>orehiile — Uinhalhi bore- 
hole — Fossils in Indo-Gungetic alluvium — General surface features of the Indo- 
Gangetic ]»laiii — Bliabar, Terai, Bhangnr, and Kliiidar — llliiir land — The Ilrahina- 
putra valley in Assam — 'I’lie delta of the Ganges and Brahmaputra — Mr. Fergusson's 
theories — The Madapiir jungle —• The plains of Upper Bengal and the Norlh-West 
Provinces — Kalur or Ueh — Salt wells — The Punjab — Ancient changes in the 
course of the Punjab rivers — The lost river of the Indian desert — The Lower Indus 
valley and delta — The Ran of Cutch. 

Indo-Gangetic alluvium: area and elevation. — The immense 
alluvial ])lain of the Ganges, Indus, and nrahma])iiira rivers and their 
tributaries, the richest and most populous portion of India, covers an area 
of about 300, UOO square miles, and forms ap])roxiinatoly one-fourth of the 
whole surface of British India exclusive of Burma. The greater i)art of 
tlie province.s known as Assaijt, Bengal (including Bohar), the Nortli-West 
Provinces, Oudh, the Punjab and Sind, are includi;d in tlic great plain, 
which, varying in width from 90 to nearly 300 miles, entirely separate.^ 
the geological region of Pciunsiilar India from the H imalayas to the north, 
the Suleinan and Khirthar ranges to the west, and the hill regions of 
Assam, Tij:)pcrah, and Chittagong to the eastward. Owing to the varying 
extent to which the sin-face is raised on the margins of the area by 
the detritus brought by rivers from the hills, and the gradation 
between the finer deposits of the jdain and the coarser gravels forming a 
detrital slope at tlie base of the Himalayas, it is diflicult to estimate 
exactly the greatest height of the idaiii above the sea; the highest 
level recorded by the Great Trigonometrical Survey between the Ganges 
and Indus, on the road from Saharanpur to Ludhiana, is 9^1 feet,' and 

' The following elevations of localities in the Indo-Gangetic plain will afford some 
idea of the general height of the surface above the sea. The figures, except in the case 
of lUjiuahul, are taken from the maps and published sections of the Groat Trigonometrical. 
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this may ])C ftiirly taken as the summit level at the lowest part of 
Ihe Avaterslied hotwcon the Indus and the Ciang’cs. Tliere is no ridge of 
high ground hetween the Ganges and Indus drainage, and a very trilling 
ehange in the surface might at any time turn llio allluents of one river 
into the other. It is reasonable to infer that sucli changes have taken 
place in ])ast iinies^ and that the occurrence of dosely allied s])ecies of 
PLatanula (a fresh- water dolphin ])cculiar to the Iiidiis^ Ganges, and 
]5rahmapntra) in the two rivers, and of many other animals common to 
l)oth si reams, may thus be explained.^ 

Survey, witli :i few ndditions kindly funiislied by Uic Surveyor General, Colonel Walker. 
At all the localities quoted, the height is the approximale level of tlic plain : 
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• ' Tho orenrrenrf? of allied forms of porpoise or doljddn in the Gaiij^cs and Indns, and 

llio eiicnmsiaiice 1 hut the peculiar p:enuB liviiif!^ in those rivers is unknown elsewhere (the 
(U'taccan iiiliahiting' the Tiawadi heij^g of a very different generic type), have attracted 
the attention of naturalists already. Tin? ova and ycuing of fish arc not difficult of 
liausj.ort , and a very trifling accident might i>lace a pool of water, to which the fish of 
one l iver have gained access, in coininunication wirti the other stream ; crocodiles and 
river 1 01 toiscs can live for a long time out of Avater, and have considerable jiowcrs of 
migration on land; hut doljdiins are confined to the rivers, and c*onld neither live in a 
shallow jiool, nor traverse dry land; the existence, therefore, of closely allied species, doubtless 
derived from a common ancestor, in two distinct rivers, is a very striking fact. JVIr. Murray 
(Geograidilcal Distribution of Mamimils, p. 213) has proposed an ingenious hyjiothcsis to 
aceount for the pheuomenou. He considers that the plain of lipjier India was once an 
arm of the sea ; that it was cut off by the rise of the coast in Sind and Cutch, and 
gradually converted into a brackish, and then a fresh-water lake, discharging itself by the 
Ganges ; that meantime the marine dolphins iiiliahiting the sea had gradually heconie 
adapttal to the changed conditions, and had in fact become Vlaianistm. He then supposes 
that the Ganges was cut off' from the hike, which overfloAved again, and this time into the 
Arabian sea, the dolphins of the Ganges and Indus being siiecialised during the change. 
It Avould be unnecessary to refer to this hypothesis, which of course is little more than 
a suggestion, hut for the large amount of support the idea Las received from naturalists. 
It. is of course foreign to thq purpose of the present work to discuss the genesis of 
rialauisluy hut, as will be shewn, the geological phenomena of the Jndo-Gangetic plain do 
not hear out Mr. Murray’s hypothesis, Avliich, lioAvcvcr, it should be stated, was never pro- 
j)osed as a geological theory, but merely as illustrative of the possible mode of origin 
of allied species. 
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No evidence of marine conditions in Upper India,— A common 
idea amongst both goolog'ists and naturalists is, that the great Indian plain 
was an arm of the sea in late geological iimes.^ It is possible that this 
may have been the ease, but there is absolutely no evidence whatever in 
J'avoiir of such a view, and some facts are opj)osed to it. On the south- 
ern flank oE the Himalayas, no marine formations have been discovered 
of later date than eocene, and even eocene marine beds arc unknown, 
excej)t in one ])laee cast of the Ganges, l)ct\v(‘en tlie spot where the 
Juinna leaves the Himalayas, and theGaro hills, or thronghoiit 13 degrees 
of longitude ; whilst the laier tertiary formations, belonging to the 
Si wall k series, contain fresh- water llepiUla and MolliimXy and not a 
single marine sliell has been found in them. In Sind, marine beds of 
mioccnc date are found, and it is possible that strata of the same ago 
may exiend to the Punjab, but in the Salt Jlange the fresh-water Siwaliks 
rest upon tlie numinnlitic limestone. It is true that it is imy)()ssible to 
tell what beds may be concealed beneath the Jndo-Gangetic alluviam,and 
marine strata may exist to an cnormons extent without ap]>earing at 
the surf a.eo; it is also unquestionable that the amount of information 
hitherto derived from borings is very small indeed, but so far as that 
information extends, and so fiir as the lower sii*ata of the alluvial plain 
have been exposed in the beds of rivers, not a single oceurrenec of a 
marine shell has ever been observed, nor is there such a change in the 
deposits as would render it probable that tlie underlying strata are 
marine. As will bo shewn presently, the lowest deposits known in the 
jilaiii itself are of jiost-teriiary age, and they arc (certainly fresh -water, 
whilst the tertiary deposits are chiefly known to occur on the northern 
margin of the plain. The older pliocene deposits of Perim Island in the 
Gulf of Cambay lie, however, to the .south of the alluvial ai-ea, and tive 
species of mammals found \\\\\\m\, v]z,yMa8to<l<)n latidcnSy M. prrimrHisiffy 
M, Htvalamlsy A€m)Uicrhim pennumsc proliably /n/siidricusy are also 

met witli in the Siwaliks at the base of the Himalayas, so that there 
was jirobahly land eouim unication between the two areas. The only 
evidence known in favour of marine conditions having pi'evaihid during the 
deposition of any portion of the Gangetic alluvium is the 0(*currenee of 
brine springs at considerable depths in a few localities. Those springs, 
however, are not numerous, and, without additional evidence, it is impos- 

* Hooker’s Iliinalnyan .Toiirnals, I, p. G7S : Theobald, Rcc. O. S. 1., Ill, p. 19. Mr. 
Theobald’s main argument, derived from the clay at Patharghatta, has been shewn by a 
re-examination of the locality to be untenable, the deposit in question being merely a 
surface wash, containing fragments of bricks amongst other things ; see Kail, Mem. G. S. L, 
XIII, p. (224). Dr. Falconer, Pal. Mem., I, p. 29, considered that the Indo-Gangetic area was 
formerly an arm of the sea, but that it had been converted into land before the Siwalik epoch, 
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siblc to look upon them as proofs of marine deposits. At the same 
time, it is by no means impossible that the sea occupied portions of 
Sind and Bengal long after the i)lain of Ui)per India was dry land. 
Willi reference to Bengal, there is very little cvidenee. Mr. Fergusson, 
in a masterly essay on I’ccent changes in the delta of the Ganges,' has 
brought forward a quantity of historical data tending to shew that the 
whole Ganges valley 5,000 years ago was probably not habitable, and 
that, the extension of human settlements to the eastward from the Punjab 
has been gradual. This, however, may all be conceded, with the reserva- 
tion that additional evidence as to the previous w^ant of population is 
desirable ; the Ganges valley 5,000 years ago, like that of the Brahma- 
putra valley at the present day, may have been so swampy as to be ill- 
suited for cultivation, and yet there is no reason for supposing that the 
area had recently been covered by the sea, for the state of the surface may 
have been due to an amount of depression suflicient to render the area 
marshy, but not enough to cause it to be overflowed by the ocean. That 
depression has taken place in the delta, is shewn ])y the records of 
the Fort William boiehole, to be described ]WGsently. The only known 
marine beds^ in the neighbourhood of the Ganges delta, those at the 
foot of the Garo hills, are apparently of tertiary age, and probably 
pliocene. 

Sub-recent marine conditions in the Indus area. — In the Indus 
valley s(»ine proof lias lately been obtained, shewing that the sea may 
have oceu])ied part of the area in post-tertiary times.® East of the 
alluvial jihiin of the Indus near Umarkot (Omerkote) is a tract of blown 
sand, the do])ressions in which are tilled by salt lakes. These lakes 
are su])])li(*d by water trickling through the soil from large marshes and 
pools su 2 )plied hy the flood waters of the rivers, and it is evident that 

* Q. .1. G. S., 180.3, p. 321. There is one ethnologicsil fact whieli Mr. Ferjjiisson 
has iu>t iiotieed. He considers that Lower neural was not hahitahle 1,000 years ago. 
Now the popuhitioii of neiigal, as uiiy one wlio has seen innch of Indian races will pro- 
hahly admit, is shewn hy colour, physi(]ue, and habits of life to contiiin a large proportion of 
the non-Aryan races; the people of Upper India, on the other hand, having a much 
larger Aryan element. Ihit if the non-Aryan race did not inhabit the country before the 
advent of the Mahomedans, how comes it that this rare is now a preponderating constituent 
of the population ? The mixed race may have migrated into the country, hut it is at least 
as probable that the non-Aryan tribes were indigenous, and Unit the preseiit Bengali race is 
due to an admixture of Aryan blood. The point is, whether Mr. Fergusson has not over- 
looked the fact that the Aryan immigrants arc certainly not the oldest inhabitants of India, 
and whether, as no history of the indigenous races exists, he may not have taken the south- 
eastcjii migration of the more civilised population amongst uncivilised tribes for the 
original peopling of the Gaiigetic plain. 

* Colehrooke, Geol, Trans., Ser. 2, Veil, T, p. 1,35. 

’ J. A. !S. B., 187(1, XLV, Ft. 2, p. U3; Bee. G. S. 1., X, pp. 10, 21. 
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the depressions amongst the sand-hills are at a lower level than the 
alluvial plain, and that the salt is derived from the soil beneath the 
sand. To the southward is a great flat salt tract known as the Ran of 
Cutch, marshy in parts, dry in others, tliroughout the greater part of the 
year, but covered by water when the level of the sea is raised by the 
south-west monsoon blowing into the (iiilf of Cutch and the old moutli of 
the Indus, and all water which runs ofP the land is thus ponded back. 
The Luni river, which flows into the Ran, is, except after rain, extremely 
salt, and salt is largely manufactured from the salt earth at Panchbhadra, 
close to the Liini, more than 100 miles from the edge of the Ran, and 
nearly 300 from the sea. Roth the present condition of the Ran and 
tradition i)oint to the area having been covered by the sea in recent 
times, and having been tilled up by deposits from the streams running 
into it; and the occurrence in some of the salt lakes near TTmarkot, 150 
miles from the sea, of an estuarine mollusk [PireneUa) lay anil y 

common in the salt lagoons and back-waters of the Indian coast, seems 
to indicate that th(;se lakes were formerly in communication with the 
sea. The enormous (juantiiy of blown sand, also, which covers tlni 
Indian desert, can on\y be satisfactorily explained by supposing that it 
was derived from a former coast line north of the Ran and east of the 
Indus valley.* 

It aj)])ears probable that in post-tertiary times an arm of the sea 
extended up the Indus valley at least as far as the salt lakes now exist, 
or to the neighbourhood of Rohri, and probably farther, and also nj) 
the Luni valley to the neighbourhood of Jodhpur ; the Ran of (hitch 
being of course an inland sea.= The country to the westward has lieon 
raised by the dejiosits of the Indus, and the salt lakes have been isolated 
by ridges of blown sand. 

It is true that along the western margin of the Indus alluvium later 
tertiary rocks (Manchhar) are found containing remains of mammalia, and 
precisely resembling the Siwalik formation, and as there is neverthe- 
less a probability that the lower Indus valley was an arm of the sea, in 
|)ost-tertiary times, it may fairly be argued that the existence of the 
Sub-IIimalayan Siwaliks is no proof that the (ianges valley was not an 
inland sea at the same epoch. Rut in the Indus region the representa- 
tives of the Siwaliks pass downwards into miocene marine beds ; in lower 

* A description of this area will be found at the end of the present chapter, and the 
Indian desert is described in the chapter following. 

* Some additional evidence in favour of this view will bo. mentioned in the next chapter 
in connexion with the distribution of blown sand iu the desert between Sind and Uaj- 
piilHua. 
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Sind the Manchhar formation itself becomes interstratified with bands 
containing marine shells^ and not very far to the westward, on the 
Baluchistan coast, there is a very thick marine pliocene formation, so 
that there is evidence in abundance of the sea having occupied portions 
of the area in later tertiary times, whilst there is no proof of any such 
marine conditions in the Ganges plain. 

Character of Indo-Gangetic alluvium. — The various deposits of 
the Indo-Gangetic plain ^ may be roughly classed under two sub-divisions, 
older and newer; the former consisting of beds which are, where 
exposed, undergoing denudation ; whilst the latter form the newer accu- 
mulations, the flood and delta deposits now in process of formation. 
It is difficult, if not impossible, to draw any distinct line of separation 
between these two sub-divisions, unless, as but rarely occurs, they con- 
tain fossils characteristic of their age, but, generally speaking, all the 
higher ground is composed of older deposits, whilst the newer alluvium 
is chiefly confined to the neighbourhood of the river channels, except in 
the delta of the Ganges and in the Brahmaputra jlain. Still there are 
large parts, both of the Indus and Ganges plains, which are flooded every 
season, and on these areas newer deposits arc formed by the flood waters. 
Moreover, as the rivers constantly change their courses, they often 
sweep away deposits only a few years, or even a few months old. 

The prevailing formation throughout the Indo-Gangetic alluvial area 
is some form of clay, more or less sandy. The older deposits generally 
contain kankar ; the newer deposits do not as a rule, but there are 
numerous excej)tions in both cases. In the Indus valley the alluvial 
dei)Osits are much more sandy than in the Gauges valley, and the sur- 
face of the ground is paler in colour, except where marshy conditions 
prevail. The deposits of the Brahmaputra valley in Assam are also 
sandy. In both these valleys nearly the whole area is occupied l)y the 
newer alluvial deposits, whilst the greater portion of the Ganges plain, 
except towards the delta, is com])osed of an older alluvial formation. 

The older alluvium is usually composed of massive clay beds of a 
rather pale, reddish-brown colour, very often yellowish when recently 
exposed to the air, with more or less kankar disseminated throughout. 
In places, and especially in 15engal and Behar, pisolitic concretions of 
hydrated iron peroxide, from the size of a mustard seed to that of a pea, 

' The authorities for the following? nccount are manuscript roports hy Mr. Theobald on 
parts of the alluvial area in neiigal, Behar, and the North- W^estern Provinces, some extracts 
from which were published, Tlec. G. S. I., Ill, p. 17 ; sketch of the Geology of the North- 
Western Provinces, Ilcc. G, S. I , VI, p. 0, and various papers to which reference is made 
in notes. 
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are disseminated through the clay; occasionally these nodules attain 
larger dimensions, some being found near Dinajpur (Dinagcpore) of the 
size of pigeons^ eggs. In places the kankar forms compact beds of 
earthy limestone. Sand, gravels, and conglomerates occur, but are^ 
as a rule, subordinate, except on the edges of the valley, the quantity 
of sand in the clay decreasing gradually as the distance from the 
hills increases. Pebbles are scarce at a greater distance than from 20 
to 80 miles from the hills bordering the plain. Beds of sandstone, 
suflBciently compact for building, have occasionally been found, but they 
are of rare occurrence. On the whole, there is no great differenee 
between the alluvial formations of the Indo-Gangetic plain and those 
of the Narbada and Tapti, except that the latter are rather darker in 
colour, and perhaps less sandy. 

The newer alluvial deposits consist of coarse gravels near the hills, 
and especially at the base of the Himalayas, sandy clay and sand along 
the course of the rivers, and fine silt consolidating into clay in the delta 
and in the flatter parts of the river plain. In the Ganges delta, beds 
of impure peat comnu'nly occur. Presh-water shells are of more fre- 
quent occurrence in t! newer forms of alluvium than in the older, the 
species being of course those now living in the rivers and marshes of the 
country. 

The denudation of rivers has in some parts of the North -West Pro- 
vinces cut through the older alluvial clays to a depth occasionally, as on 
the Cliambal river, amounting to nearly 200 feet. Of the whole thick- 
ness attained by the alluvial deposits of the great Indian rivers, not the 
faintest idea can be formed. It must be very great, or rock would be 
exposed within the alluvial area to a greater extent than it is. The only 
inforina tion of importance hitherto procured as to the nature and depth 
of the alluvial deposits beneath the surface is derived from three 
borings: one, 481 feet deep, at Fort William, Calcutta, within the delta 
and close to a tidal river ; the second at Umballa, 701 feet- deep, at nearly 
the highest level of the plain away from the slope of detritus along the 
margin ; the third, carried to a depth of 404 feet, at Sabsal-ka-kot on the 
right (west) bank of the Indus, about 21 miles east by north of Itajanpur 
and about 400 feet above sea-level. All these boreholes were made for 
the purpose of obtaining water. 

Calcutta borehole. — The Calcutta borehole is on the whole the 
most important, because it w^as carried down to a depth of about 460 
feet below the mean sea-level. The following account of the deposits 
passed through in the borehole is taken from the Abstract report of 
the Proceedings of tlie Committee appointed to superintend the bore 
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operations in Fort William from their commencement, December 1835, 
io their close in April 1840 ' 

After penetrating through the surface soil to a depth of about 1 0 
feet, a stratum of stifE blue clay, fifteen feet in thickness, was met with. 
Underlying this was a light-coloured sandy clay, which became gradu- 
ally darker in colour from the admixture of vegetable matter, till it 
passed into a bed of peat, at a distance of about 30 ^ feet from the 
surface. Beds of clay and variegated sand intermixed with kankai*, mica, 
and small pebbles, alternated to a depth of 120 feet, when the sand 
beeaiiHi loose and almost semi-fluid in its texture. At 152 feet the quick- 
sand became darker in colour and coarser in grain, intermixed with red 
water-worn nodules of hj^drated oxide of iron, resembling to a cer- 
tain extent the laterite of South India. At 150 feet a stiff clay with 
yellow veins occurred, altering at 103 feet remarkably in colour and sub- 
stance, and becoming dark, friable, and ap})arently containing much 
vegetable and ferruginous matter. A flue sand succeeded at I 70 fei‘t, and 
this gradually became coarser and mixed with fragments of qnariz and 
f(‘lspar to a depth of 180 feet. At 196 feet clay impregnated with iron 
was passed through, and at 221 feet sand recurred, contain iug fragnunits 
of limestone with nodules of kankar and pieces of quartz and fe1s])ar ; 
the same stratum continued to 340 feet, and at 350 feet, a fossil hone, 
conjectured to he the humerus of a dog, was extract ed.^'^ At 36(1 feet a 
piece of suj)posed tortoise shelU was found, and subsequently several 
pieces of tbe same substance were obtained. At 372 feet another fossil 
bone was discovered, but it eo\ild not be identified, from its being torn 
and broken by the borer. At 392 feet a few pieces of fine coal, such as 
arc found in the beds of mountain streams, with some fragments of 
decayed wood, were j)ieked out of the sand, and at 400 feet a piece of 
limestone was brought up. From 400 to 481 feet fine sand, like that of 

* J. A. S. B., 1840, IX, p. 686. Sec also an excellent account by Lieutenant (after- 
wards ( oloncd) R. Baird Sinitli, Cjilcutta Jour. Nut. Hi.st., I, p. 324, pi. ix, and Proc. Geol. 
See., 1 V, ]). 4. From the latter t.lio account in Ly ell’s Priiici})les of Gcolog’y appears to be 
cbiefly taken. Some additional details will be found in the Jonr. As. Soc^ Bengal, II, 
pp. 369, 619; IV, p. 235 ; V, p. 374; VI, pp. 234, 321, 498, 897; VII, pp, 168, 466. 

“ Eighty feet in the original, but this is almost certainly a misprint ; — first, because Lieu- 
tenant Baird Smith mentions in bis doserijtiion tbe occurrence of peat between 30 and 50 
feet from the surface, wlicreas from 75 to 120 feet sandy clay is said to occur, and this 
agrees with bis descriptive catalogue of the specimens extracted from tbe borehole, and 
with his figured section ; — secondly, because, as will be shewn hereafter, a bed of peat i.s 
found everywhere around Calcutta at a depth of 20 to 30 feet. 

3 A rumiuant bone according to Dr. Falconer; Lyell’s Principles, ed. 1867, 1, p. 479. 
The specimen cannot now’ he found. Figures of this bone are given, J. A. S. B., VI, p. 234, 
pi. xviii; and Calc. Jour. Nat. Hist,, I, pi, ix. 

Figured J. A. S. B., VI, p. 321, pi. xxi; and Calc. Jour. Nat. Hist., I, pi. ix. 
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the sea-shore^ intermixed largely with shingle composed of fragments of 
primary rocks^ quartz, felspar, mica, slate, and limestone, prevailed, and 
in this stratum the bore has been terminated/^ i 

The first and most important observation to be made on the foregoing 
facts is that not race of marine dei^osits was detected, but on the contrary 
there appears every reason for believing that the beds traversed, from top 
to bottom of the borehole, had been deposited either by fresh water, or 
in the neighbourhgod of an estuary. At a depth of 30 feet below 
the surface, or al)out 10 feet below mean tide-level, and again at 382 
feet, beds of peat with wood were found, and in both cases there can be 
but little doubt that the dej)osits proved the existence of ancient land 
surfaces. The wood in the upper peat beds was examined by Dr. Wallich 
and found to be of two kinds, one of which was recognised as belonging 
to the Sundri tree {lleritlara llttoralis), which grows in abundance on the 
muddy flats of the Ganges delta, the other ])robal>ly as the root of a 
climbing plant resembling Bnetlella. Moreover, at considerable depths, 
bones of terrestrial mammals and fluviatile reptiles were found, but the 


* The following details aro taken from the figured section by Lieutenant Baird 
Smith, 1. c. : — 


Surface soil, loose saud, and clay . 
Adhesive blue clay . , . , 

liuto with jicat 

Adhesive clay ..... 
Dark clay with decayed wood intermixed 
Calcareous clay with kaiikur 


Details of thickness not given 
the lower portion rc])resent 
ed as much thicker thai 
the others. 


Green silicious clay 
Silicioiis clay with kankar 
Variegated arenaceous clay 
Argillactfous marl 

Loose sandstone ........ 

Argillaceous marl ....... 

Arenaceous clay with weathered mica slate and nodules 
hydrated oxide of iron ...... 

Calcareous chiy . 

Coarse friable quartzosc conglomerate .... 

Micaceous clay ... ..... 

Soft snmlstonc ........ 

Ferruginous sand intermixed with clay 
Fine loose saud with minute fragmeuts of felspar and 
granite 


feet) 

Shelly calcareous clay 

Carbonaceous bed ... ... 

Coarse conglomerate third fossiliferous stratum 430 feet) 


ThicknOHH 
ii: tect. 

Dopi li ia 
feet. 

. 10 

• •• 

. J5 

25 

. 10 

35 

. 5 

40 

. 10 

50 

. lu 

UO 

;(oo 

120 

j 

• 5 

125 

5 

130 

. 20 

f 

150 

. 20 

170 

. 5 

175 

. 10 

1S5 

. 20 

205 

5 

210 

. 00 
[ 

300 

. 25 

) 

325 

. 55 

380 

6 

385 

. 10 

305 

. 86 

481 
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only, fragments of shells noticed, at 380 feet, are said to have been of 
fresh-water species. 

The next noteworthy circumstance is the occurrence at a depth of 
175 to 1S5 feet, again at 300 to 325, and again throughout the lower 85 
feet of the borehole, of pebbles in considerable quantities. The pebbles 
in the lower portion are especially mentioned as large, and their size is 
shewn by the circumstance that they impeded the iirogrcss of the bore, 
and that it was necessary in several cases to break them up before they 
could be extracted, so that it may be fairly inferred that they were at 
least two to three in(?hes across (the borehole was six inches in diameter). 
The greater part of the pebbles were clearly derived from gncissic rocks, 
but some fragments of coal and lignite which were obtained were perhaps 
from the Damuda series. 

The peat bed, it may here be mentioned, is found in all excavations 
around Calcutta, at a dej)th varying from about 20 to about 30 feet., 
and the same stratum a])pears to extend over a large area in the neigh- 
bouring country.' A peaty layer has been noticed at Canningtown on 
the Mutlab, 35 miles to the south-east, and at Khulna, in Jessorc, 80 
miles east by north, always at such a dejdh below the present surface, 
as to be some feet beneath the present mean tide-level. In many of the 
cases noti(jed, roots of the sundri tree were found in the peaty stratum. 
This tree grows a little above ordinary high-water mark in ground liable 
to Hooding ; so that in every instance of the roots occurring below the 
mean tide-level, there is conclusive evidence of de])ression. This evidence 
is confirmcHl by the occurrence of pebbles ; for it is extremely improbable 
that coarse gravel should have been deposited in water 80 fathoms deep, 
and large fragments could not have been brought to their present posi- 
tion, unless the streams, which now traverse the country, had a greater 
fall formerly, or urdess, which is pcrha])s more probable, rocky hills 
existed, which have now been pari.ly removed by denudation and covered 
up by alluvial deposits. The coarse gravels and sands which form so con- 
siderable a proportion of the beds traversed can scarcely be deltaic accu- 
mulations, and it is therefore probable that when they were formed, 
the present site of Calcutta was near the margin of the alluvial plain, 
and it is quite possible that a portion of the Bay of Bengal was dry land.® 

» Baird Smitli, 1. c. ; II. F. Blaiiford, J. A. S. B., 1864, XXXIII, p. 154. Sec also 
notices of earlier borings, &c., .T. A. S. B., II, pp. 369, 649. 

2 But whilst the evidence of depression to a depth of nearly 500 feet, probably since 
tertiary times, in the neighbourhood of Calcutta, is unmistakable, llio signs already men- 
tioned of elevation within the same epoch in Orissa, only 100 to 200 miles distant to the 
south-west, are equally distinct, and this proof of unequal movement sufTiccs to shew the 
hazard of supposing that the general form and direction of the river valleys in the 
neighbourhood have remained unchanged since the lowest mcsozoic, oi even the upper 
palajo/.oie period ; see anle, p. 105, 
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Uznballa borehole. — Tbe following is an abstract of the beds 
traversed in the Umballa borehole.^ Umballa, it may be mentioned^ is 
on the watershed of the Indo-Gangetic plain^ between the Jumna, which 
flows into the Ganges, and the Sutlej, a tributary of the Indus. The 
locality is about 905 feet above the sea, and 20 miles from the base of 
the Himalayas. 


Surface soil ...... 


Thioknem 
iu feet. 

. 4 

Depth 
in feet. 

4 

Sand, more or less argillaceous, and clay 


.22-6 

2Gi 

Brown clay and kankar .... 


. *6 

27 

Sand ....... 


. 14 

41 

Clay, blue and brown .... 


. 81 

122 

Sand and clay with kankar 


. 32 

154 

Dark red clny 


. 12 

KJO 

Sand and clay, with bands of kankar . 


. 84 

250 

Stiff, red clay and ]xjbble8 .... 


. 14 

201 

Sand and clay, with kankar occasionally 


. 22 

280 

Coarse sand, with clay boulders and small stones . 

. 10 

290 

Very stiff clay, with pebbles and boulders . 

, 

. 1-5 

21)7J 

Chi}’’, with kankar and some sand 

• 

.12*5 

310 

Sand 3 ^ clay, with mica .... 

. 

. 8 

318 

AltA*rations of sand and clay, with kankar occasionally 78 

390 

Sand and gravel, with large stones 


. 28 

424 

Clay, with thin bands of fine sand or silt . 


. 27 

451 

Dark sand, with clay boulders and kankar . 


. 6 

450 

Sand and »day 


. 44 

500 

Clay, with stones 


. 2 

502 

Sand and clay, with kankar 


. 32 

534 

Clay boulders, kankar and sand . 


. 12 

540 

Clay, some kankar in the upper portion 


. 39 

585 

Blue sand, with boulders in the lower portion 


. 10 

601 

Clay 


. 14 

015 

Clay, with kankar and pebbles . 


. 2-5 

01 7 J 

Clay, with some kankar .... 


. 23 5 

041 

Black clay 


. 3 

014 

Clay, with kankar in uppermost part . 


. 34 

678 

Sand, which hai*dens when exposed to air . 


5 

083 

Cla 3 % with kankar 


. 18 

701 


It is not quite clear what is meant by clay boulders ; they are 
prol)ably rolled fragments of the clays either from the Siwalik beds^ 
or from the alluvium itself. 

There is very little of interest in this borehole. The depth to 
which it was carried was insufficient to test the thickness of the alluvial 
deposits, and it ceased 200 feet aljove the level of the sea. No mention 

1 T. Login, Q. J. G. S., 1872, p. 198. 

A 1 
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is made of any orfyanic remains being found, but their occurrence could 
not be anticipated, as they occur but rarely in the alluvial formations of 
the Gangetic jdain. 

The borehole at Sabzal-ka-kot is only 4 miles from the base of 
the hills, and by far the greater portion of the beds traversed consist of 
sand and pebbles, clays being subordinate, although several beds have 
occurred. 

FossUs in Indo-Gangetic alluvium. — The rarity of organic re- 
mains, especially in the older alluvial deposits, has already been noticed, 
but shells are occasionally found belonging to species now inhabiting 
the rivers and marshes of the country. An important discovery of 
mammalian remains was made about 1830 in some calcareous shoals of the 
Jumna.^ Tlie bones were chiefly found cemented together with sub- 
stances of recent origin, such as fragments of weapons and boats, into 
a mass of concrete, chiefly formed of the kankar washed from the 
river^s bank, but in two cases the skeleton of an elephant was found 
preserved in the clay. In one instance, in which the bones were clearly 
in situ, they were found 4^ feet above the highest flood mark, and 
80 feet below the summit of the clay cliff formed by the river, and 
there appears no reason to doubt that all the specimens found were 
criginally derived from the clay. The following species have been 
recognised ^ 


Semnopithecus, sp. 

Elephas namadicus. 

MnSf Bp. 

Hippopotamus {X^traprotodon) 
palmndicus^ 

EquuSi sp. 


SuSy sp. 

lios (Buhalus) palmndicus. 
Bos, sp. 

Antiluj)e, sp. 

Cervus, sj). 

Fish and crocodile bones. 


Three of the species (all that have hitherto been specifically iden ti- 
tled) are found in the Narbada alluvium also, whilst the only genus 
not now found wild in India is the Hippopotamus^ wliich belongs, how- 
ever, to the same sub-genus as the living African animal. The evidence 
is not sufficient to justify any decided conclusions, except that the 
Jumna clays must have been dcjwsited in the same post-tertiary epoch 
as the Narbada alluvium ; but so far as the specific identifications go, 
they tend to indicate that the Jumna fossils are newer than Ihc 
Narbada remains, as the extinct type, Hexaproiodon^ and the foreign 
form. Bos namadicus^ have not been recognised amongst the former. 


^ Sergeunt. E. Doan, J. A. S. B., IV, pp. 261, 496. Sec also Falconer, Q. J. G. S., 
1805, p. 378; Pal. Moni., 11, p. 640. 

2 Scvcnil are ilgurcd, J. A. S. B., II, PI. xxv ; and IV, PI. xzxiii. 
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Some bones were also foniul iii the Betwa river in Buiidelkhand and 
on the Bugaoti between Mirzapur and Chunar, * but they have not been 
identified. 

General surface features of the Indo-Gangetic plain.— To enter 
at length into the various peculiarities o£ land surface ® which are found 
in different parts of the great plain of Northern India would be far 
l)eyond the scope of the present work. A brief account of the principal 
characters must suffice. The whole region may be roughly divided into 
five great tracts, each possessing marked peculiarities : these arc, commenc- 
ing to the eastward, — 

1. The Brahmaputra valley in Assam. 

2. The Delta of the Ganges and Brahmaputra. 

3. The plains of Upper Bengal and the North-West Provinces. 

4. The Panjab. 

5. The Lower Indus Valley and Delta. 

Bhabar, Tarai, Bhangar, and Khadar.— These are four Hindi 
terms, applied in the Ganges valley to particular kinds of alluvial surface, 
which require notice, because they will be found freely used in many papers 
relating to the subject, and because, with perhaps one exception,® they 
have no precise equivalents in English. 

Bhabar is the slope of gravel along the foot of the Himalayas. 
Compared with the slopes in the dry regions of Central Asia, Tibet, 
Turkestan, Persia, &c., the gravel deposits at the foot of the great Indian 
ranges are insignificant, the difPercnce in height between the top and 
bottom of the slope nowhere exceeding 1,000 feet : Mohan at the base 
of the Himalayas, 24 miles from Sah^.ranpur, is 1,408 feet above the 
sea, or 591 above Saharanpur. This difference is probably partly due to 
the much greater rainfall in India, and to streams being consequently 
able to carry away a much larger proportion of the detritus washed from 
the surface of the hills, partly also to the circumstance that the rocks in 
the lower regions of the hills are not subjected to t.he loosening effects 
of frost. 

» J. A. S. B., IV, p. 671. 

^ Tho following papers may be consulted for fuller accounts : 

For Assam— -Mom. G. S. I., IV, p. 437 ; VII, p. (165). 

For Lower Bengal and the delta— Mr. Fergusson’s paper, Q. J. O. S., XIX, 1863, p. 821 ; 
also Colcbrookc, As. Res., VII, p. 1 ; and Rennell, Phil, Trans., 1781, p. 78. 

For the plains of Upper India — Rcc. G. S I., VI, p. 9; Sir P. Cautley, Ganges Canal ; 
Falconer, Q. J. G. S., 1865, p. 377 : Login, Q. ,T. G. S., 1872, p. 186. 

For the Panjab — the sketch of the Geology published in the Oazetteer. 

® The exception is Ichddar, which corresponds to the English word strath. The English 
term is, however, local ; its exact meaning is far from commonly known, and it is only used 
in hilly country. 
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Streams, issuing from the Himalayan ranges, lose apart, or the whole 
of their water, hy percolation through the gravel in the Ihdbar region. 
TIjo whole tract in its original condition is covered with high forest, in 
which the siil [SJforca rolmdn) prevails. At the base of the slope, much 
of the water which has percolated the gravel re-issues in the form of 
s])rings, the ground is marshy, and high grass replaces the forest. Tliis 
trai't is tlie laral^ a term not unfroqucntly applied to iho whole forest- 
<*h»d slope at the base of the Himalayas, known also as mornng in 
Ni'pal. 

The alluvial plain itself, in the North-West Provinces especially, is 
composed of Lltmrjar, or high land, the flat of older alluvium now at a 
considerable elevation above the rivei-s which traverse it ; and IMdar, or 
low land, the low x>lain through which each river flows. The latter has 
evidently been cut out from the former by the streams ; it is of variable 
width, and is annually flooded. 

Bhur land. — In the Upper Provinces the high banks of the rivers are 
frequently capped by the hills of blown sand, known in the North-West 
Provinces as bhur.^^ This is the extreme form of a rather important, 
element in the format ion of Indian river channels, and the same i*esult in 
a less marked form may be traced in a rather sandy, raised bank, along the 
course of many large rivers down to the limits of tidal action in the 
deltas. In the lower parts of the river plains this bank, which is above 
t he flood -level, and is usually selected for village-sites, intervenes between 
the river channel proi)cr and the marshy ground liable to annual floods 
on each side, the communication between the two latter being kept up by 
numerous creeks. The origin of the hhur land, or raised bank, is the 
following.- During many months of the year, and especially in the hot 
s(‘ason, strong winds arise, frequently of a very local character, and 
sometimes apparently almost eonflned to the river channels, which, in the 
dry season, are plains of loose sand often 2 or 3 miles across and 
sometimes wider, the river occupying usually not more than a fourth of 
its bed. The wind on the Indus and Ganges frequently blows in nearly 
the same direction as the river channel. Such winds arc especially pre- 
valent about midday and in the afternoon, and their effect in transport- 
ing the sands of the river bed is so great, that the atmosphere becomes 
too thick for objects a few yards distant to be seen. All who have been 
in the habit of navigating Indian rivers must have noticed the prevalence 
of these sand storms ; they are so marked that where large sand-banks exist 
to windward of the river, it is often impracticable for vessels to continue 
their course, except in the morning before the wind arises, or in the 
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cvenin^j when the motion of the air has diminished. Much of the sand 
raised by the wind falls again in the bed of the river, but quantities 
must fall Upon the banks in the immediate neighbourhood, where the 
deposit is retained by vogeiation and gradually consolidated into a firm 
bank. It is only where the quantity of sand is greater that blown sand 
bills arc formed. The original raising of the river bank to the flood-lev(;l 
is due to the deposition of silt in a manner which will be explained 
in’oscntly when treating of deltaic accumulations, but the elevation of 
the immediate neighbourhood of the river bed a])ove the reach of the 
highest floods is probably due to the de])osit of sand by the wind. 

The Brahmaputra valley in Assam. — The Assam valley is a 
gigantic I'Jiddar or strath, the greater ]K)rtion being liable to flooding and 
eonscquently not in a habitable state. There are, however, here and 
there higher tracts, sometimes mere mounds rising a little above the 
general level, and sometimes small j)lains,i and these may be considercHl 
as representing the extensive hhangar of the Gangetic plain. Along the 
foot of the hills are gravel dei)osits, but they do not apj^car to be very 
extensive. 

The quantity of silt carried down by the Brahmaputra is very great, 
far greater than in the Ganges. The comparative backwardness of the 
river valley, as shewn by the small amount of habitable land, is sur- 
prising, since it is evident that the river is occupied in rapidly raising its 
plain by dt‘i)(>sits of silt, and tlie necessary inference is, that the alluvial plain 
of Assam, in its present form, is not only of later date than the Gangetic 
jdain, but absolutely newer than many ])ortions of the Ganges delta.^' 
The dill\>renee may be due (1) to a dejwession of the lower part of the. 
Brahmaputra valley in Assam ; (2) to an elevation of the delta; or (S) to a 
great increase in the supply of water, 'llie second theory is distinctly 
disproved l)y tJie general evidence of subsidence in the della, and t be 
tbird is improbable; the evidence is therefore rather in favour of the 
Jlrahma])utra valley in Assam having been an area of snhsidcnce in a 
relatively late geological j)oriod. As will be sbewn presently, there is 
some additional evidence in favour of this view within the delta itself. 

The delta of the Ganges and Brahmaputra.— The limits of 
the actual delta, of course, correspond with the spots at which the rivers 

> Mem. G. S. I , IV, p. 438. One of these plains is describcil Mnjor Godwin-Austeiij 
J. A. S. B., 1875, XLIV, Pt. 2, p. 40. 

2 For a full discussion of this argument, see Fergusson, Q. J. O. S., 18G3, pp., 330, &c. 
Jt should, however, he noticed that Mr. Fergusson was led hy some puMished baromctrieal 
observations, now shewn to have been insufficient, to suppose the level of the Brnhmiipulni 
valley at Giiuhati to he only about 100 feet above the sen, instead of 163, the maxim uui 
Hood-level since determined by tlio Uruui Trigonometrical Survey. 
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commence to bifurcate and become distributaries. This spot is at 
present in the Ganges between Ilajmahfil and Murshidabad, and on 
the Bralimaputra opposite the south-east corner of the Garo hills. 

But for a considerable disiance above the actual delta the rivers 
flow through a broad plain of low ground, a large area of wdiich is 
liable to flooding, and consequently to the deposition of silt. The delta 
is, in fact, the natural continuation of the khddar or alluvial flat in the 
ui)per portion of the river^s course, and tliis hhadar becomes broader 
before it expands into the delta. 

Mr. Fergusson’s theory.— By far the best description of the Ganges 
delta, of the changes it is undergoing, and of the action of the rivers 
in raising the land by the deposition of silt, is that of Mr. Fergusson.^ 
lie has shewn that rivers oseillaie in curves, the extent of whicli is 
directly proportional to the quantity of w^ater flowing down the channel. 
Thus the oscillations of the Ganges wdiere broadest (7,000 feet in 
the low season), between Monghyr and llajmahal, average 9^ miles in 
length ; where it contains less water, and is only half the breadth (6,500 
feet), between Allahabad and Chunar, the oscillations are 6*7 miles long; 
in the Bhagirati (Bhagiruthee), w^hcre it averages 1,200 feet in breadth, 
the length of the oscillations is 1*5 miles ; and in the Matabangah, where 
only 500 feet broad, the length of each oscillation becomes only half a 
mile.* The next ])oint which he notices is well known, the tendency of 
rivers to raise their banks, but the explanation is partly novel. When the 
wdiole country is covered with water, moving rapidly tow^ards the sea in the 
river channels, and stationary throughout the intervening marshes, the 
dead water of the marshes prevents the floods of the rivers from break- 
ing out of the channels, and, by stopping the course of the silt-charged 
w^atcr along the edges of the creeks and streams, forces it to deposit 
the sediment it has in suspension. Hence gradually arises a system 
of river channels, traversing the country in many directions, between 
banks which are higher than the intervening flats, and these flats 
form persistent marshes, knowui in the Ganges delta asy^^'fo or hhiU? 

Each river frequently changes its precise course, the smallest alteration 
in its channel having an effect which is felt for many miles above and 
below^, so that, just as the oscillations of a denuding stream produce 
a low alluvial flat between high banks, the curves of a depositing river 
gradually form a high alluvial flat, raised above the surrounding country. 

* l.c. 

2 1. c., p. 324. 

The former term is Hindi ; the latter, Bengali. A further stage in the process by 
Avhich the bank of a river is raised above the surrounding country through the ucliou of 
wind has already been explained, see p. 404. 
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111 course of time, this raised tract is ahandoned by the main river for 
the lower ground at the side, and the river bed is cither filled up by 
silt, or, if near the sea, converted into a tidal creek. 

According to Mr. Fergusson^s data, rivers at a greater slope than 
about G inches in a mile cut away their banks ; those with a lower slope 
deposit silt. The precise limit is not ascertained, and it should be 
recollected that under favourable conditions, as when issuing from hills, 
coarse materials arc de[)Ositcd at any part of a river^s course, provided 
the slope of the channel diminishes. The ajtproximate limit of silt 
deposit only applies to rivers running in an alluvial plain. 

The present Bengal delta, therefore, comprises a large area in which 
the ground has been raised above the general flood-level, through having 
been traversed by the main branches of the Ganges in j)ast times. Such 
is the case in the country north of Calcutta. The eastern part of the 
delta is more backward ; the marshes or jliiU are more extensive, and the 
banks of the streams less consolidated, and this is now the great dei)osit- 
ing area. But large tracts of low country, such as the salt lake neai* 
Calcutta, arc fomid in the western area also. The remarkable struggle 
which takes iflace between the Ganges and Brahmaputra, each tending, 
by raising the neighbourhood of its channel, to drive back the other, and 
to gain possession of a larger tract of delta, is most vividly told by 
Mr. Fergusson, but is too long for extract here. Mr. Fergussou refers 
many of the more modern changes in tlie delta to the u])heaval of 
the Madupur jungle, a great tract running for 70 miles north from 
Dacca and consisting of hhingaVy or old alluvium, above the general 
level. The upheaval of this tract, which is about ii5 miles wide where 
broadest ; and, on its well-defined western face, whence it slo 2 )es gradually 
to the eastward, 100 feet above the alluvial plain, hadf the effect, in 
Mr. Fergusson^s opinion, of diverting the Brahniaj)utra to the eastward 
into the Sylhet jhilSy where the silt of the river was deposited. The 
result was that scarcely any sediment found its way to the sea by the 
Megna, the great estuary of all the SyUiet rivers, and hence the sea-face 
of the delta to the eastward curves back in the form of a gulf. The 
gap was much greater at the commencement of the present century, 
but about that time the Brahmaputra having, by the deposit of silt, 
greatly raised the portion of the Sylhet j/ulny into which it flowed, 
changed its course completely in tho course of a few years, and, instead 
of flowing to the east of the Madupur jungle, cut out a new channel to 
the west of the raised tract. Since its change, of course, the Brahmaputra 
has been brought much nearer to the main stream of the Ganges, and 
the two rivers are now dei>ositmg silt so rapidly on the eastern sea-face 
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of the delta, that great changes are taking place, and new islands are 
raj)idly forming, whilst the western i)ortion of the deltaic coast line, 
through which but a small portion of the flood water of the great rivers 
finds its way to the sea, has undergone but little change since it was 
first surveyed in the last century. 

In the sea outside the middle of the delta there is a singularly deep 
area, knoi^Ti and mai’ked on charts as the Swatch of no ground,^^ in 
which the soundings, which arc from 5 to 1 0 fathoms all around, change 
almost suddenly to 200 and even 300 fathoms. This remarkable 
depression runs north and south, and has been referred to a local sinking, 
but it appears more probable, as has been shewn by Mr. Fergusson, that 
the sediment is carried away from the spot, and deposition prevented, by the 
strong currents engendered by a meeting of the tides from the east and 
west coast of the Bay of Bengal. Mr. Fergusson also shews that, so 
long as the Bay of Bengal has preserved its present form,^ the meeting of 
the tides must have favoured the formation of a spit of sand along the 
present position of the Sundarbans, as the lower portion of the Ganges 
delta is called, and that any great deposit of silt to seaward of the 
present line is im])eded by the fine sediment being washed away by 
the tidal currents, and deposited in the deeper parts of the Bay. 

The Madupxir Jungle. — ^The chief point in the above series of theo^ 
ries to which exccj)tion may be taken is the question as to whether the 
Madupur jungle is really an area of elevation. This may be the case, but 
it is manifest that i)recisely the same deflection in the course of the ri ver 
as is attributed to the elevation of the ground north of Dacca, may have 
been produced by the depression of the area now occupied by the Sylhet 
jhils^ and such a depression appears more in accordance with our pre- 
sent knowledge of the delta. Enquiries into the ultimate cause of all 
the changes by wdiich rivers are converted from denuding into depositing 
agents, or by which they arc made to cut a channel at a lower level 
through the beds which they formerly deposited, are surrounded by so 
many difiicultics, owing to the magnitude of the operations, and the 
small difTercnces of level to which such great results arc due, that it 
is not advisable hastily to conclude that either of the explanations above 
suggested is correct. That some change of level must have taken place 
since the alluvium now forming the Madupur area was deposited, seems 
clear, because the ground of ihe area is higher than the present valley 

' This is probably not so old as pliocene, beenuso sucb gigantic disturbance bns taken 
place tbrougbout tbc extra peninsular regions of India, inclusive of the Assam bills and 
Ai'tikan, since the close of the Siwalik epoch, that the shape of the norlhern part of the 
i5ii> of Bengal may have changed greatly. 
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of the Brahmaputra to the north and west, or than the old valley 
leading to the Sylhet jhik to the castwaid. There are three possible 
explanations : the Madiipur jungle may have been raised ; parts of the 
surrounding country may have been depressed ; or thirdly, the alluviniii 
of the Madupur area may have been deposited by some other river 
than the Brahmaputra. The last hypothesis appears unsatisfactory, for 
the Gangetic streams could not have crossed the low area to the westward, 
and it is imj)robablc that the Sylhet streams, the Surma, &c., which are 
said to contain comparatively little silt, could have raised their plain to 
BO considerable a height ; moreover, they could only have reached the 
tract north of Dacca if the area now occupied by the Sylhet jJiUs mis 
so much higher than it now is, as to be able to deflect their course to tlie 
northward. The only satisfactoiy exjflanation involves a partial and 
unequal change of level, cither of depression or elevation.^ It has 
already been noticed in the description of the Assam valley, that Ihe 
singularly marshy condition of the surface of the river may be dm? 
to a late action of depression. Earthquakes are of common oeeurrcnce 
both in Assam and Sylhet, and they are frequently severe ; and although 
it would be absurd to conclude, without further evidence, that they are 
caused by depressions of the surface, it is certain that they have accom- 
panied such movements elsewhere. It does not appear, on the whole, 
impossible that both the Brahmaputra valley in Assam and the area of 
the Sylhet have sunk in comparatively recent times ; that the 

Madupur jungle has esca])cd the action of dej)ression, and that this 
raised tract marks the original level of the Brahmaputra deposits. But 
it is equally possible, even admitting the depression of the Assam and 
Sylhet areas, that the tract north of Dacca has been slightly raised.^ 
So far as the Madupur jungle alone is concerned, the presence of this and 
similar masses of IMvigar land might bo due to depression in the delta, 
and consequent denudation of the ground traversed by the rivers on their 
way to the deltaic area of depression, but, admitting that the highest 
level in the Maduxmr jungle is the ancient flood-level of the Brahma- 
putra plain, wo have to account for the very small diflcrence between the 
level in question and that of the Brahmaputra valley 200 miles farther 
up at Gauhati. We can scarcely sui)pose that all the old Uidngar has 

> It mny bo useful to cull attention to the remarkable roHults of the earthquake of 1810 
and its effects on the western portion of the Uan of Cutch, us an illustration of the manner 
in which a portion of an alluvial area may he elevated, whilst another tract is depressed, 
during a single series of earthquake shocks. There is some question, liowcver, whotlnu' 
elevation really took place. It is usual to ascribe clevatiou and depression to the earths 
quake; perhaps it would be more correct to attribute the oiuthquukc to the elevation or 
depression. 

a Mem. G. S. I., IV, p. (110); YU, p (15G), 



410 aEOLOOY OF INDIA— rOST-TERTlAUY AND RECENT. [Chap, XVII. 

been swept out of Assam> but if not^ some rises of old alluvium should be 
left as high alK)ve the general level as the Madupur jungle is. As no 
such raised tracts exists we are driven back again to a local depression of 
the Assam valley, or of parts of it. 

On the western edge of the delta in Bengal there is a large ai*ea of 
older alluvium, the surface of which is slightly undulating, evidently in 
constHiuence of partial denudation of the surface. This tract, which is 
continuous with the alluvial area of the east coast, comprises the greater 
]>ortion of the coimtry to the westward of the Bhagirati and Hooghly, 
and probably ow’cs its comparative elevation to the dejwsits from 
the More, Adjai, and Damiida rivers. 

Plains of Upper Bengal and North-West Provinces.— Tlie 
great plain of Northern India is the ai*ea of an alluvial dej)osit older 
than that of the delta, and the greater portion of the area is com- 
poscnl of bhdngar land, through which the rivers cut their khddav 
valleys at a depth of from 50 to 200 feet below the general level. The 
hhdngar suri'ace, as a rule, is nearly flat, but is much cut up by ravines 
in the neighbourhood of the rivers. 

The question as to whether the great rivers are, as a rule, raising their 
beds by a deposit of silt, or cutting their channels deeper, has been much 
discussed without leading to any definite conclusions. The alirupt scarj)s 
by which the bhdngar is not unfrequently terminated, and the defined 
limits of the khddar^ clearly prove that the latter has been at some 
time or (diver an area of denudation, but it is not easy to tell whether, 
at the present time, in any given stream, the tendeiKy is to raise or lower 
the general khdclar level. It is also by no means so evident, as might at 
first sight be supposed, whether the hhdngar land generally is an area of 
denudation or of deposition, although this can, as a rule, be easily seen in 
each particular area : thus, between the Sutlej and Jumna, the minor hill 
streams from the lower ranges of the Himalayas must deposit sediment, 
for they cease within the area, whilst between the Jumna and the 
Ganges numerous streams rise in the hhdngary and they must be 
denuding agents. In the neighbourhood of the khddar, hhdtigar land 
is frequently cut into by ravines, which jvrove conclusively that the 
surface of the country is being washed away, but all such marks of 
rain-action cease at no great distance from the low ground, and the 
principal secondary streams, instead of running from the upland bhdngar 
by the nearest route, at right angles, or nearly at right angles to the 
main river, usually pursue a nearly parallel course down the middle 
of each doab " » or triangular area between each two principal streams. 

' A Persian word, meaning two waters, and applied to the GOudacaco of two rivers, 
as well to the laud iutervemug butweeu them. 
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Th( longitudinal section of every river channel in the Oangetic plains^ 
for some distance at all events after leaving the hills^ would be founds 
if drawn accurately, to be slightly concave, the fall at the exit from the 
hills being greatest, and gradually diminishing. The result of this is, 
that so long as diminution takes place in the fall, and consequently in 
the velocity of the water, there must, when the river is cariying as 
much earthy matter as it can transport, be a continuous deposition of 
detritus; the coarsest particles, such as large pebbles and gravel, 
being first loft behind, then fine gravel, then sand ; but so long 
as the fall diminishes, there must be deposition and a gradual raising of 
the area flooded by the stream. In the larger rivers this is the case, if 
at all, to a minor extent, because there is, at all times, a considerable 
body of water in the river, and this is sufficient to remove from the 
channel during the drier months of the year, when little or no coarse 
detritus is brought down from the hills, the deposits of the rainy season, 
when the water is charged with the products of pluvial denudation. 
But the effect of the small streams, which dry up more or less for a great 
portion of the year, but which arc converted into muddy torrents charged 
with coarse sediment during the heavy rains of the summer monsoon, 
is to raise the surface of each doab,^^ especially in the neighbourhood 
of the hills, and to produce floods from which finer sediment is deposited 
on the surface of the hhangar land. Whether the addition thus produced 
is, on the whole, greater than the wasting of the surface from rain, is a 
(question which it is impossible to decide throughout a great part of 
the country. 

The careful levels which have been taken throughout the North-West 
Provinces by the Great Trigonometrical Survey, and the far more accurate 
maps which are now in process of compilation, will probably, in the 
course of a few years, furnish definite data for a solution of this and 
other problems. One question, however, which presents itself, is the 
necessity of accounting for the rivers now cutting their channels at a 
level considerably below that of the alluvial hhangar flat, because this flat 
must, at all events in the neighbourhood of the hhadar^ have been depo- 
sited by streams from the same drainage area, at a period when the main 
river ran at a comparatively higher level. The change may be due to a 
general elevation of the upper Gangctic plain, or to a depression in the 
delta region. Of the former there is no evidence ; of the latter, as shewn 
by the result of the Calcutta borehole, there is ample proof, and it is 
therefore quite possible that in early post-tertiary times, when the animals 
lived, of which remains are found in the Jumna alluvium, the area of 
the Ganges delta had been raised to a considerably higher level than it 
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occupies at the present time. Colonel Greenwood * has shewn that the 
dei>osit of silt in river valle 3 ’s must tahe place backward ; that the 
lowest portion of the slope must ho first raised, and that the cheek thus 
^iven to the How of water w411 cause silt to be deposited so as to raise 
the alluvial plain further up the course of the river, and if no change of 
level takes place, the gradual elevations of the Ganges delta by silt 
(h‘posit will ultimately react on tlie higher j)ortions of the valley until 
the rivers once more deposit alluvium on the high bhd^tgar land, pro- 
vided always that this has not been niised so much as to render the 
slope too great for the rivers to be depositing agents. 

One point of interest has been exidained by Mr. Fergusson in the 
paper so often mentioned. A glance at the map will shew that, <h(} 
Ganges from Allahabad to Rajmahal, and the Jumna from Delhi t.> 
Allahabad, How close to the southern margin of the great alluvial ]hun. 
This is due to the enormous quantity of silt brought d(»wn by the 
Himalayan rivers., and the comparatively small sui>])ly furnished l)y those 
.streams which debouch into the Ganges valhy from the southward. The 
northern portion of the plain has consequently, been raised, and the main 
outlet of the wdiole forced to find its w^ay as close to the hills of tlu? 
southeni margin as it can. During this process, the courses of the tribu- 
tary rivers running from the northward have been driven westward, 
and, as Mr. Fergusson has shew’ii, the confluence of these tributaries wdth 
the main stream of the Ganges has been shifted upwards along the cour.^^e 
of the main river, owing to the tendency of the streams to deposit silt in 
the neighbourhood of the delta. 

The bltabar slope of gravel along the foot of the Himalayas, although 
evidently of comi)arativcly recent formation, has frecjucntly, to the east- 
ward, been cut into terraces by the strcjims from the hills.- This is a. 
necessaiy consequence of the streams cutting deeper channels in the rock.s 
of the hilly ground. It is curious to note, however, that to the westward 
the hhdhar is being raised instead of being cut through ly streams. 
The difFcrcncc is not improbably due to the mucli greater rainfall to the 
eastward, and to the streams being consequently able to carry away the 

* Tlain and Rivnrs, pp. 173, &c. 

2 Hooker, Iliinaln^nn Journals, I, p. 378, (larger edition). Dr. Hooker very naturally, 
writing nearly 30 years ago, when the study of river netion was in its infancy, and wlicu 
nearly all great deposits and all extensive denudations were supposed to be luariuo, alt ri- 
buted the gravel to n beach deposit, and the valleys to inariue denudation. There has 
been since 1850, when Hooker wrote, a great revolution in those portions of geological dyiiii- 
piies which treat of the netion, both destructive and eonstruetive, of rivers and the sea, and 
especially in the views held, by English geologists at least, on the comparative amount of 
work done hv the two ugcuU. 
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gravel as they cut back their bed in the rock, whereas weaker streams 
are prevented from cutting back their channels by their inability to 
wash away the gravel they have already deposited. It may be, 
loo, that from local causes the gravels to the westward are more easily 
percolated by water, and therefore streams, instead of carrying away the 
lhahar deposits, sink into them; but, judging from the enormous 
development of the gravel slopes in regions of small rainfall, it is more 
j)robal)le that the first hypothesis is correct. 

Kalar or Bell. — In connection with the surface of the Upper 
Provinces another peculiar local feature requires explanation. Many 
tracts of land in the Indo-Gangetic alluvial plain are rendered worthless 
for cultivation by an efflorescence of salt, known in the North-West 
Provinces as llehy and further west as Kalar (Kullar). The name UHa)\ 
meaning barren, is frequently applied to land thus affected. The salt 
varies in composition ; it consists chiefly of sulphate of soda mixed 
with more or le.ss common salt and carbonate of soda ; it is only 
found in the drier jiarts of the country, being unknown in damper 
regions, such as Bengal. 

The xmr plains have existed for an unknown time. Where the rch 
or halar is abundant, the water in the upper stratum is impregnated to 
an extent that is productive of serious injury to the health of the 
population. To a greater or less extent, this pollution of the water 
near the surface is general throughout U])per India ; yet in the worst 
rch tracts, sweet water is obtainable at dcjiths below GO to 80 feet. 

It is consequently clear that the impregnation of the soil is super- 
ficial, and as the upper deposits are demonstrably of fresh-water 
formation, they must originally have been compai’atively free from 
impurities. Still all soils contain some salt, and all the water draining 
from soils is impregnated to a certain extent. The salts forming reh 
or kalar appear to be the refuse products, and to consist of such sub- 
stances resulting from the various processes involved in the decomposition 
of rock, or of detritus derived from rock, and the formation of soil, as 
are not assimilated by plants. Unless these salts are removed, they 
must accumulate, and the natural process of pm*ification is evidently 
by percolation -drainage, so long as pure rain water, running through 
the soil, carries off any injurious excess of the rejected salts. If the 
amount of water percolating the soil be sufficient, and thorough drainage 
exists, there will be a constant dilution and renewal of the subsoil water ; 
but if the quantity of water reaching the subsoil is no more than can 
be dissipated by evaporation, during the dry season, salts will accumulate 
in such subsoil water, and as this water is brought to the surface by 
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eapilhiry action, and evaporated, the salts held in solution will be left a.s 
an efUorcseenco on the surface of the ground. 

That the composition of reh does not differ greatly from that of the 
salts produced by the decomposition of such rocks as have contributed 
by their disintegration to the formation of the alluvial plains of India 
is shewn by tlic composition of the river water^ running from the 
Himalayas, the mountains from which the detritus now forming the 
plains of India was originall}^ derived. 

In the case of Upper India it is easy to understand how the subver- 
sion of the natural conditions necessary for cultivation has been estab- 
lished, and it is by no means improbable that a similar process has, in 
other parts of the world, changed countries, once fertile and populous, 
into barren deserts. Tlic whole country is treeless ; for a great part of 
the year a scorching sun and a parching wind dry up the moisture in 
the ground, rendering it hard and impervious to water ; when the rains of 
the monsoon season fall, a largo projK)rtion of the water runs off the surface, 
and the earth is unable to absorb more than a portion of what remains. 
Thus a great part is evaix)ratcd without penetrating the ground; the 
little that docs percolate through cracks, and in a zig-zag way, through 
the more porous layers, to the upper water stratum, is no more than 
sufiicient to replace what has been dissipated by evaporation, fed by 
capillary action. 

This more or less complete want of water circulation in the subsoil 
must have been gradually producing its effects in Upjwr India through- 
out many generations. The natural process is so slow, that it would 
escape notice, were it not that from time to time larger tracts of land 
become barren. A disturbing cause has, however, been intrcxluced in 
the form of great irrigation canals. Their immediate effect is to raise 
the level of the r^//-polluted subsoil water, and thus to produce a great 
increase of evaporation, with the natural result of more reA being left 
on the surface, and more land being thrown out of cultivation. This 
effect of the canals is evident, and an obvious check upon it would 1)e 
to keep the irrigation channels at a considerable depth below the surface 
of the ground. Such a plan, however, involves fresh engineering diffi- 
culties, and only meets one of the objections to the present form of irriga- 
tion. It is impossible to enter at length into the subject here, but it may 
be stated that, as all canal water contains salts in solution, whilst rain- 

1 In several analysis of river and canal water from the Ganges and Jumna, the pro- 
portion of sulphate of soda varied fi’om 0. 0914 to 0. 4326 part in 10,000 ; chloride of 
sodium from 0. 0023 to 0*15 part. The proportion of the two to each other is similar to 
that found in reh. See Sel. Uec. Govt. India, D, P. W., No. XLll, 186J, i)p. 47, &c. 
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water contains none, the only change in conditions, so far as the concen- 
tration of salts in the soil is concerned, by the addition of canal irrigation, 
unless facilities for drainage of tlie subsoil water are also provided, must 
be the addition of all the refuse salts contained in the canal water to 
those which would be produced on the surface by the simple action of 
rain and evaporation. 

Salt wells. — South and west of Delhi and west of Agra, brine is 
obtained in places from wells in the alluvium. No particulai*s have 
been recorded which explain the occurrence of salt in these localities. 
The case is similar to that already mentioned in the Puma valley in 
Borar. The distribution of the salt-producing ground appears irregular, 
and this is in favour of the salt being derived from sinings in the rock 
beneath the alluvium. 

The Panjab. — The jdains intersected by the five great rivers which 
combine to form the lower Indus are not, as a rule, sirn])ly divided into 
and like the plains of the North-West Provinces. The 

fall in the Panjab rivers is much more rapid, and their tendency to 
desert their channels and to take a new course is much greater ; in ftict, 
a great portion of the Panjab is evidently composed of recent deposits, 
and is geologically very much in the condition of Upper Assam. The 
reason why the Pan jab plains are deserts instead of marshes is, that the 
area over which the water can spread is much greater, whilst the 
average rainfall is far less. In the Western Panjab, the barren region, 
the annual fall of rain only amounts to from 6 to 8 inches, whereas in 
Assam it is from 66 to over 100. 

Owing probably to the greater fall in the Panjab rivers, tlieir 
deposits are very sandy, and this character tends to diminish the pluvial 
denudation of the surface by allowing the water to sink into the soil. 
The action of winds upon the sand of the river, the formation of bhur 
land, and the elevation of the ground in the neighbourhood of the river 
banks above the intervening tracts, through the deposition of blown sand, 
are exhibited in the Panjub to a greater extent than in the Gangetic 
plain. 

To the south-east the limits of the Panjab alluvium are difficult 
to trace, owing to the manner in which both alluvium and rock are 
concealed by blown sand. The same is the case throughout the eastern 
margin of the Indus alluvial plain in Sind. 

Ancient changes in the course of the Panjab rivers. — The 
ancient geography of the Panjab is far better known than that of most 
parts of India, partly because the civilisation of North-Western India is 
older than that of other parts of the country, but still more because of 
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the aeoiirai^ descriptions given by Greek writers of the Indian cam- 
paigns of Alexander the Great. It is consequently possible to form 
some idea of the principal alterations which have taken place in the 
course of the last 2,000 years, in the channels of the great Panjdb rivers. 
I’nfortunately, our best guide fails us at the most critical point. 
Alexander never penetrated to the eastward beyond the land of the 
jiv(i rivers, and there is but little excei)t vague tradition to tell whether 
the i)resent tributaries of the Indus have ever flowed into the Ganges, 
or, nke rer&S^ those of the Ganges into the Indus. Yet it is certain 
that in no part of the great Indo-Gangetic plain have more important 
changes taken place since the dawn of history than in the neighbourhood 
of the watershed between the Indus and Ganges. 

The lost river of the Indian desert. — The traditions of the Hin- 
dus point to a time when a great and sacred river, the Sarasvdti, ran 
in the extreme east of the present Panjab, between the Sutlej and 
the Jumna. The modern Sarasvati is an unimportant stream, fed by 
small tributaries from the outer Himalayan ranges, deriving none of 
its water from snow’s, becoming nearly dry in the hot season, and losing 
itself in the Eaj])ritana desert. According to some traditions," this river 
formerly followed an inde])endent course through the desert to the sea ; 
and it is a curious fact that, on some ma])s, a stream, bearing the name 
of Sarasvati, is shewn ruiming into the smaller division of the Kan at 
the head of the Gulf of Cuteh. It is doul)tful, however, whether there 
is any lH‘lt of country between the Arvali range and the Eastern Kara 
at a sulliciently low level to have permitted a river to rnn through 
Western Kajpiltana from the Eastern Panjah to the Ran, and another 
A'iew, which is certainly supported by much stronger evidence, is, that the 
Sarasvati fonnorly joined the Sutlej, and that this pursued an independ- 
ent course to the sea, under various names, of which the best known 
are llakra, Sotra, and Wabiud. The course of the lower portion of this 
old river coincides with the Eastern Nara in Sind,” and the upper 
part ran tbroiigli a portion of the desert south-east of Bahawalpur, 

* Cuniiiiighiini, Ancient Geography of India, p. 220. 

2 Rogers, Q. d. 0. S., 1870, p, 124. For further information on this interesting sub- 
ject, which it is iinpossihlc to treat at length here, sec Cunningham’s Ancient Geography 
of India, 1. c. Fergiisson, Q. J. G. S., 1863, p. 348; and a very interesting, but anonymous, 
paper entitled Notes on the lost river of the ludiau desert,” Calcutta Review, 1874, 
No. CXVll, p. 1. 

3 This mast be coiisidered as doubtful. The Eastern Nara runs through a scries 
of broad marshes, and if a great river ever, in recent times, followed the course of the 
Nani, it is very singular that those murehes were not filled up to a greater extent by 
alluvial deposits. 
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where numerous. mounds and other relics of old cities remain to attest 
that the country was once far better watered tlian it now is. It is an 
indubitable matter of history that the Bcas (Biyas or Vipasa, the 
Hyphasis of the Greeks) formerly did not join the Sutlej, but pursued a 
distinct course to the Indus, and the union of the Sutlej with the Beas 
is veiy probably due to the former river now running more to the west- 
ward than it did. 

The diminution in the volume of the Sarasvati has been attributed 
to various causes, a decrease in the rainfall amongst others, and especially 
to the destruction of forest on the lower slopes of the Himalayas. 
Tlie latter has very probably prcKluced a considerable decrease in the 
quantity of water running down the river during the dry season, 
but it is not improbable that Mr, Fergusson^s suggestion » is correct, 
and that owing to the Sarasvsiti having raised its channel, whilst the 
Jumna has cut down its khdd^ary the water which formerly supplied 
the former river now runs into the latter. 

The Lower Indus Valley and Delta. — The surface of the Indus 
alluvium in Uj)per Sind differs but little from that of the I^anjab ; a 
considerable i)ortion of the area is annually flocwlcd, and the whole drain- 
age of a great river being here, as in Assam, eontined to a comparatively 
narrow tract, some permanent marshes of large size exist. The two 
most important marshy tracts are along the western edge of the valley 
from near Jacobabad to the Manchhar lake (a large jhil) near Schwdn, 
and along the eastern edge from Khyrpur to below Umarkot. The 
latter is the channel considered by some the ancient course of the Sutlej. 
In the neighbourhood of the Indus the ground is rather higher, having 
evidently been raised by the deposit of silt, aided doubtless by the action 
of the wind on the sands of the river-bed. 

Along the edge of the Khirthar range west of Sind, there is a well- 
marked hhdLar slope of gravel, but, except where rivers run out of the 
range, the breadtii of the slope seldom exceeds I to 2 miles. This 
gravel slope is absolutely barren, and, like other features in Sind geology, 
is more conspicuous on account of its barrenness. 

Th(‘re is one singular feature in the Indus Valley, to which nothing 
parallel is to be found in the Gaiigetic area. The river between Sukkur 
and Rohri has cut its way through a low range of limestone hills, sui - 
rounded on all sides by alluvial deposits; even to the south-east, where 
the limestone disappears beneath sandhills, the Easiorn Nara, fed by the 
flood waters of the Indus, traverses an alluvial tract eastward of the hills. 
In fact, the circumstance that the flood waters of iJie Indus, both 
to the east and west, traverse plains at a lower level than the river-bed, 
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is shewn by the course of the canals^ and great fears have been enter- 
tained that the Indus may desert its present channel and break out 
to the westward, through the plain in which Jacobabad is built, into 
the line of marshes already mentioned. The curious features of the 
tract are not even confined to the present river-course, for at Arur, 
4 miles south-west of Kohri, there is another gap in the limestone 
i*aiige, said, on what is believed to be good historical evidence, to have 
been the bed of the river rather more than nine centuries ago. At that 
time the main stream is supposed to liave traversed Sind considerably 
to tlie east of its ])resent course ; it passed by the old city of Brahminabad, 
(>l) miles north-east of Hyderabad,^ and then probably ran southward 
by the Puran, an old river-bed still existing, to the Kori creek, which was 
the principal mo\itli of the river. The Indus is said to have deserted 
its old bed at Arur or Alor for its present channel between Sukkur and 
Uohri, in consequence of an earthquake about A.i). 96^ ; and as Brahmin- 
abad was also, in all probability, destroj-cd by an earthquake® at sonic 
])eriod prior to A.D. 1020, it is not impossible that the two events were 
due to the same cause. The Indus is said to have descried Brahminabad 
at. llic time when the city was destroyed. All the details preserved, 
however, are so much mixed up with mytliical incidents, that but little 
dependenee can be placed upon them, and nearly all the cireumstauecs 
mentioned are more or less open to dispute. It is questioned, for instance, 
whether Arur was ever situated on the liidus, and it is contended that 
Bakkar, a fortress on an island in the river opposite Rohri, and coiise- 
(piently in the channel now cut through the limestone range, existed 
before ilie ninth century. Certainly, the channel through the hills at Arur 
is very narrow, and it is possible that it was never traversed by the main 
sti’cam of the river, though the configuration of the ground supports the 
hypothesis that some stream has cut through the hills at the spot. Again, 
it is contended that Schwan, the ancient Sindomana, was always on the 
1 lulus, and that consecjucntly the main stream of the river must have run in 
ancient times where it Hows now. But, on the other hand, Alexander is 
said to have left the river, and marched to the neighbourhood of Larkliana, 
and thenee to Sehwau, from which place he marched back to the river.^^ ^ 
it may be fairly concluded that important changes have taken place in 
the course of the river, without feeling certain that the precise nature 
<»f these changes has been correctly ascertained. 

The aecunudation of tluviatile deposits in the Indus plain, and the 
consequent elevation of the surface, is well seen in the neighbourhood of 

1 Cumihigliam’s Ancient (loogrnpliy, I, p. 267, 264, &c. Siiid Guzctlccr, pp. 23, 116, 123. 

- Ufllnsis, .lour, nouibn^y, llr. K. A. S?., V, pp. 413, 467. 

* Ai'i'iiui, Anubusis, VI, 16. 
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Umarkot, where, as has already been mentioned, the flood water from the 
Nara trickles through the sand-hills forming the limit of the Indus allu- 
vium, and fills large hollows between the ridges of sand. The level of the 
bottom of these hollows must have been, in all probability, at least as 
high as the general surface of the Indus plain at no distant date. 

During the floods, water leaves the Indus and its tributary, the Sutlej, 
as far up as Bahawalpur, and flows southward by the Eastern Nara, which 
must be regarded as a distributary, although its waters now seldom reach 
the sea. The true head of Die delta, however, is generally considered to 
be a little above Hyderabad, where the Phiileli stream leaves the river.^ 
The channels of the delta frequently change, more frequently perhaps 
than in the case of the Ganges. The sea-face is, in all probability, deter- 
mined by marine currents, and it is improbalile that any great change is 
likely to take place through the dcjiosit of sediment. 

The eastern part of the Indus delta now receives hut little water 
from the river. It is said that a large area of country in the neighbour- 
hood of the Kori mouth was dejirt^ssed during the earihquake of 181 9,*^ 
and that the great size of the Kori creek is due to the depression. A 
very large area north-west of the Kori creek is covered wnth salt, some- 
times a foot or even more in thickness, deposited from sea waUu’. 

In the neighbourhood of the sea the soil is usually argillaceous and 
firm, but, in the ui)per part of the delta, the whole surface is composed 
of loose inic*aeeous sand with but little clay, and the rivers conse(|uently 
have unusual facilities for changing their channels. The littoral portion 
of the delta is so low, that a broad tract of country is always overflowed 
at spring tides, whilst the bottom of the sea in the neighbourhood of 
the coast is so shallow, and the slope outwards so gradual, that large 
vessels cannot, in many places, come within sight of the land. A tract 
of country of variable width, but in places several miles broad, along 

* A very ^ood (It'soriptioii of tlic Indus deltn has bocn given hy Llcuicimut I\ O, Curlcss, 
Indian Navy (Scleclions from tho Records of the lh)nibay Government, XVI L pp, 
4G1-500). See also a memoir by Assistant Surgeon .1. F. !Ie<ldle, ibid, p. 403. Lieutenant 
Carless* paper is also published in the Journal of tlni R(»yal (ieogriijJilcal Society, V'ol. 
VIII, p. 328. For the ancient changes in the delta of the Indus, see also Cunningham*! 
Ancient Geography, j). 283, Ac. 

* It is stated by Carless (Selections, Records, Rombay Government, XVII, p. 600) 
that the alluvial formations exposed on the bank of the Kori creek o])poKite Kotasir are, with 
the exception of the uppermost layers, brok..n up in confused masses, and iucliued to tbo 
horizon at an angle of 30 or 40 degrees. The disturbance is attributed to the earthquake. 

It would be well, however, that the spot should be examined by an experienced geologist, the 
vagaries of oblique laiiunalioii in sands and silts, deposited by the strong currents of an 
estuary, beiug very likely to niisleud any one uuaccubtomed to ibc peculiar appearance of 
these deposits. 
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the sea-face of the delta^ is annually flooded by the rise of the river, the 
water being kept higher than it would otherwise be by the influence of 
the south-west monsoon. 

The Ran of Outch. — Reference was made a few pages back to the 
Ban (Runn) of Cutch, and it was pointed out that this tract of countiy 
is evidently an old marine gulf now silted up. A brief description of the 
area and its peculiarities may, however, be well added to the account of 
the Indus delta, which it adjoins to the eastward. 

The Ran* consists of an immense marshy salt plain, scarcely above the 
sea-level, and stretching for 200 miles from east to west, and in places 
nearly 100 from north to south. From the south-eastern extremity a 
low alluvial tract, dividing Ahmedabad from Kattywar, and including 
an extensive brackish water marsh called the Nal, connects the Ran 
with the head of the Gulf of Cambay. A very trifling depression, 
probably not amounting to 50 feet, would convert Kattywar into an 
island, and even a smaller amount of sinking would suflicc to isolate 
Cutch completely ; indeed, it is now an island during the prevalence of 
the south-west monsoon, when the sea, raised by the wind, dams back 
the water brought into the Ran by the various rivers which drain into 
the flat from Rajputana, Guzerat, and Cutch, in the same manner as the 
level of the creeks is raistnl in the Indus delta. At this time portions 
of the Ran arc 7 feet under water, but the average depth does not 
exceed 5 feet. Tlie inundation lasts from July to the end of Novem- 
ber, and portions of the surface, especially a tract to the westward 
near Sindri, depressed by the earthquake of 1819, are constantly covered 
with w^ater. Below this water there is, in places, a bed of salt, some- 
times as much as 3 to 4 feet in thickness. 

There can be little doubt that the Ran was a gulf of the sea within 
recent times ; not only do the traditions of the country all agree with 
this view,® but the present condition of the surface, an immense flat of 

* For a fuller description of tlie portion nortb of Ciitcli by Mr. Wynne, see Mem, 
G. S. I., IX, p. 14. Sec ulso llurncs. Travels in Bokhara, 1, p. 316; Grant, Geolo^ictil 
Transactions, Ser. 2, V, p. 818 ; Frcre, Jour. R. Oeog, Soc., XL, p. 181 ; Rogers, Q. J. G. S., 

1870. p. 118. 

- There is some historical evidence also. When Alexander the Groat sailed down the 
Indns, he passed through the gresit eastern branch, then the wain stream of the river, hut 
now dry, to the Kori mouth. Near this mouth, he came to a great hike (Arrian, Anabasis, 
VI, 20). Mention is also made of a great lake-likc expanse of water in this direction by 
some Mnhnmumdaii historians (Elliot, History of India, I, p. 125). These notices are taken 
from the anonymous paper already quoted in the Calcutta Review for 1874, CXVII, p. 18. 
Sir R. Frerc also states, on apparently good traditional evidence, that Vernwow, in Nagar 
Pnrkar, north-east of the Ran, was a seaport from 600 to 800 years since (Jour. R. G. S., 
XL, p. 105). No mention of any sea north of Outch appears to|havo been made by the Chinese 
travellers of the seventh century (Cunningham, Ancient Geography of India, 1, p. 302), 
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sandy mud, can only l>e explained by supposing that the tract is th« 
site of an inlet, now silted up. The barren condition of the surface is 
due to flooding by salt water at one season, and hot dry weather at other 
times ; the soil is consequently too salt to 9upi)ort even the vegetation, 
such as mangroves, which will grow inordinaiy sea water. Unless further 
depression tfikes place, the surface must he gradually raised by the silt 
brought in by rivers, and the tracts which S4ipjx)rt vegetation must 
extend. 

The depression of an area of 2,000 sqiiare miles around the fort of 
Sindri in the western jmrt of the Ran, and the elevation of a tract, said 
to be 50 miles in Icngili, and in places 16 miles across, at tlie time of 
the gieut eaithqualvcof 1810, liave beendescribocl so often, ^ that ita])poa.rs 
unnocesssiry to repeat tiie account here. In this case the circumstance 
which enabled the clvanges of level to be accurately osiimiited was the 
very remarkal)k fact iluit ilie whole of the tiaet affecfietl was veiy nearly 
at the sea-level, and so close to the scji, that it was flocxkd immediately. 
A further deprcssion is said to have taken place in 1845 in the same 
neighhourliood.^ 

At flrsl. the cfEot4s of the depression in 1810 was to produce a great 
sheet of uater, navigable by boats of some size ; but this has giadually 
silt(d up, aid Mr. Wj^ime, on visiting the ruins of Sindri in January 
1860, iVmnd that the greater portion had been lilled up to nearly 
the level of the llrni, aiKl that but a small shallow pool remaiiHxi around 
Sindri itself. 

1 An w given In LyelVa Pnnciplefi, IW. 1868, IT, pp. OT'lOi, and has boon copied 

into innny text books. For a very full description by Mr, Wynne, see Mem. G. S. I., IX, 
pp. 29-47. Mr. Wynne doubts wbetber the “Allah Build,” the supposed elevated tract, was 
really raised, and sugfifcsis, ivith imieb probability, that tlio appcarunco of elcvutkm was duo 
to tbe depression of ttie ground around Simlri, south of the “Allah Bund.” 

2 Nelson, Q. J. G. S., 1846, p. 103. Before quitting tbe subject of Iho great alluvial 
region of Northern IiKlin, it may be as well to jwint out that by far tbe greater portion of 
tbe earthquakes, and especially of tlie more severe sboeks felt in India, oceuriii tbe itninediato 
neighbourhood of tbe Iiido-Gangetic plain, and especially near the deltas of tbe great rivers. 
It is a subject worthy of furtlKT enquiry bow far tbe earthquakes are connected with tb« 
pressure caused by the constant increase in tbe alluvial deposits, and tbe rcpcaited recurrence 
of depressions. The cartliquukes are, as a rule, felt much more severely on the rocky ground 
around the alluvial plain, than in the plain itself : when depression takes p]ac(^ ns in tbe 
case of Sindri in tbe Ilan, the shock may be bi;t slightly felt at the locality principally 
afTected, although towns in Cutch,on rocky groivid, at a distance of several miles, arc tlirowu 
down ; but this is in accordance with well-known biws. 
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CIIAPTEU XVIII. 

VENINSULAR AliKA. 

POST-TERTTAKY AND RECENT FORMATIONS COnimuCfl. 

Alliiviuin of the East Const — Eatunrinc sliclls in tho nllnviiim — Alluvium of tlio Wost 
Const of India — Bonihny — Ou'/t'rnt — Kattywur and Ciitoh — Littoral roncrote, sliolly 
j;rit8 of Bombay, Kattywar, &c. — Luke deposits — Soils — Red soil — Bluek soil, 
cotton soil or regur — Distribution — Origin — Pent — Blown sand — Indian desert — 
OtluM- desert tracts — Sand denudation and stri® on rocks — Pot-liol os in rivers — 
Prebistoric human implements — Stone — PalsBolitliic — Flakes or stone knives, and 
cores — Neolithic — Co]>pcr, silver, and bronze implements — Iron, 

Alluvium of the East Coast. — Tbrougliout the cast coast of the 
rtaiinsula from the delta of the Gang'cs to the neighbourhood of Cape 
(^)morin, with the exception of a few miles near Viza^apatam, there 
is a broad belt of alluvial deposits,^ varying greatly in breadth, but 
nowhere exceeding about 50 miles. In places the hills approach the 
sea, leaving only a comparatively narrow belt of sandy foreshore, as 
south of the Chilka lake in Orissa, and again near Pondicherry, whilst 
near ihc mouths of the great rivers Mahanadi, Godavari, Krishna, 
("auvery, &e., broad alluvial plains extend for many miles, and owing to 
the quantity of sediment deposited, there is actually a slight projection 
beyond tlie general coast line, although the strong currents, which sweep 
II j) and down the coast, prevent the rivers from extending their deltas 
seau ard to any great extent. 

There can be no reasonable doubt that the alluvial belt mentioned 
owes its existence, in a great measure, to the large quantity of detritus 
brought down by the rivers, for, as has been shewn in the introductory 
cliajiter, nearly the whole drainage of the Indian Peninsula runs east- 
ward. It is difficult to judge whether the deposits would alone suffice 
to protect the older rocks from marine action. Probably they would, 
but the fringe of alluvial foraiations has unquestionably been raised since 
its deposition, for marine shells are found, in several places, many feet 
above the present range of the tide. The sea now in many localities 
g:uRS upon the land, portions of the coast being occasionally washed 
away ; but this action appears to be local, and there is no evidence of 
general marine denudation along the coast line. 

^ For detuilfl* see Mem. G. S. I., p. 274 ; IV, p. (247), and X, p. 15 ; also Newbold, 
Jour. Roy. As. Soc., Vlll, p. 248. 
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To the northward the east coast alluvium joins the older allifVial depo- 
sits on the western side of the Ganges delta, and the two resemble each 
other closely in mineral characters. Tlie coast alluvium consists chiefly 
of clan's, with kankar, and, near the hills, pisolitic nodules of iron 
jwioxide, the latter being in places sufficiently abundant to render the 
deposit a kind of laterite gravel. Gravels and sand also occur, frequently 
more or less mixed with ferruginous concretions, and there is in many 
localities an apparent passage between the ferruginous gravel of the 
alluvium and the low-level form of laterite. 

The surface of the coast alluvium is usually quite flat near the sen 
and in the river deltas, but towards the hills it is more uneven, and 
evidently, from 1 icing at a higher level, the surface has undergone 
a considerable amount of denudation. In places this older alluvium rests 
upon the low-level laterite, which has been shewn, by the oecurroncG 
of psilseolitliic implements, to be iiself of post-tertiary age, but in other 
jdacos, as already noticed, there is an ajqiarent tendency to a passage be- 
tween the two. Tliis may, of coiiree, be due to the more gravelly forms of 
the laterite being washtMl down and rc-arranged with the alluvial deposits. 

Estuarine shells in the alluvium, — At Madras and Pondieherry , 
in several cases, shells belonging to re<;ent species have been found in 
wells at depths of from 5 io feet beneath the surface, or considerably 
above the present son -level. The shells, as a rule, art* estuarine forms, 
such as now live in the crcHjks and backwaters of the coast,* but 
in several cases true marine sj^ecies have been found. About, Madras the 
shells are found in l)cds of elay, and the following boring gives the whole 


thickness of the alluvial deposits ^ ; — 

Ff.. In. 

8nn(l nnd clay 3 0 

Light-(H)loiire(l sand nnd clay 10 

Stiff clay 3 0 

River sand .*>6 

Black clay mixed with sand and shells 20 0 

Blue clay with sand and lime and pieces of ironstone . 12 6 

(iranitc nnd qiiiirtz rubble ....... .00 

Clay and gravel mixed viitb broken granite, quartz, inicri, &c. 0 0 

Total . . 55 0 


* The following arc the most cbaracterisli'^ species. They are s.^blom. if ever, found in 
the open sea, but they are always met with in backwaters, and at the mouths of rivers, 
and many of them occur in creeks of deltas near the sen. 

FotamideB telescopium, Cytherpa cast a, 

P.JluviatiUs. C. merelrix. 

Area granosa, Ostrea, a large species. 


* Ncwbold, 1. c. 
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The ^ite of this boring was at the Inland Custom-house, three- 
quarters of a mile from the sea. Beneath the depth mentioned crystal- 
line rocks occurred. It is probable that the alluvium is in most places 
thicker than at Madras, but nothing more has been ascertained on this 
head. The subfossil shells near Madras are so abundant in places that 
they have been collected for burning into lime. 

Farther south also, near Porto Novo, in the lower valley of the Vcllaur,^ 
a bed of estuarine shells is found above the present flood-level of the 
river, and consequently at a considerable height above the sea. Similar 
deposits of shells liave also been noticed near Cuddalore and Tanjore.® 
Another place where estuarine shells have been observed is close to the 
Chilka lake in Southern Orissa. The forms found were Cytherea casta and 
Area granosa^ and the deposit containing the shells is now at an elevation 
of from ^0 to 30 feet above the level of the highest tides. 

Alluvium of the west coast of India. — The differences in physi- 
cal character Ixjtween the east and west coast of India have already been 
noticed. Along the western shore of the Peninsula there is no such 
continuous plain of alluvium as on the east coast ; the ground between the 
Sahyddri range and the sea, where not hilly, consists generally of a gentle 
slope towards the coast, composed of rock, covered in many places by 
laterite . The coast itself is rocky in parts, and the alluvial deposits are 
chiefly confined to the neighbourhood of the small streams, which run 
from the Western Ghats to the sea, or of the backwaters or lagoons which 
liavcj been cut off by banks of sand along the coast. The backwaters 
are of considerable extent in Travancore and Malabar, but they are 
want ing farther north and on the coast of the Bombay Presidency ; the 
alluvial valleys between the hills are unimportant south of Bombay itself, 
although they grmlually increase in extent to the northward. 

Bombay* — Alluvial plains, evidently of comparatively recent forraji- 
tion, connect the hills of Bombay and Salsette Island, a few creeks alone 
remaining to shew the position of the marine channels which formerly 
existed. Farther north these plains gradually increase in extent, until 
they merge into the alluvial flat of Guzerat. 

At Bombay the alluvial deposits* consist of blue and yellowish-brown 
clay ; the former varies in thickness from a few inches to several feet, its 
n])per surface being at present about a foot or two below high-water level ; 
it, is very salt, and contains small grains and nodules of kankar, and 

' H. F. Blanford : Mem. G. S. I., IV, p. 102. 

^ King and Foote : ib., p. (25 J-.) 

^ Buist : Trans. Bombay Geo. Soc., X, p. 181 \ — Carter: Jour. Bombay Br. B. A.S,, IV, 

V. 201., 
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occasionally plates of gfypsum ; it is freiiuenily penetrated by mangrove 
roots, wliich are usually riddled by Teredo borings, just as in the mud of 
tidal creeks, and at one spot large masses of oysters have been found in 
it. The yellowish-brown clay appears to be the older of the two deposits ; 
its surface is frequently above the sea-level, it abounds in larger masses 
of kankar, and it has occasionally yielded estuarine shells, Placuna^ 
Osirea, &c. That these alluvial deposits arc estuarine, and precisely 
similar to the mud now deposited in the creeks and backwaters of the 
coast, or on the shores of Bombay harbour, is shewn by the similarity 
of mineral character and by the organic remains, both vegetable and 
animal, found in the clay. 

It is evident that Bombay harbour is the last remaining inlet out of 
many whicli formerly indented the Bombay coast, and that this harbour 
is gradually silting up and being converted into dry land. The process, 
however, is probably slow, and it may be ages before its progress is such 
as to affect the trade of Bombay, but, unless depression takes place in 
the area, or means are devised for checking the deposition of mud, there 
can be no question of the ultimate result. Except at Bombay, little 
has been recorded concerning the alluvium of the western coast south 
of Daman, and that little presents no features of interest. 

Guzerat. — In the neighbourhood of the rivers Tapti and Narbada, 
which, unlike the other streams draining the Peninsula, flow to the west 
coast, there is, however, near the sea, a broad and fertile alluvial plain,’ 
which, in some of its features, resembles the alluvium of the east coast. 
Commencing to the southward near Daman, this plain covers the 
greater portion of the Surat, Broach, and Ahmedabad districts, and con- 
tinues as far as the Ran, where it joins the area of recent deposits 
connected with the Indus valley. Near Surat this plain is about 
30 miles in breadth, and near Baroda it is 60 miles wide. 

The alluvium of eastern Guzerat consists of brown clays, with kan- 
kar, resting upon sands and sandy clays, wdth occasional gravels. The 
surface is covered with black soil to the southward, though not in the 
district of Ahmedabad, and is frequently horizontal over considerable 
areas, but in parts of the country the ground is undulating, evidently 
in consequence of having been denuded by rain-action. The deposits 
appear to have been chiefly estuarine or marine, and have probably been 
raised, as on the east coast, but no fossils have been found. The Gulf 
of Cambay is said to be gradually silting up, and there can be very 
little doubt that it was formerly part of a broad inlet leading from the 
Ran, then an inland sea, to the ocean, and that the remainder of the inlet 

1 Mem. G. S. I., VI, p. (233) ;-Rec. G. S. I., I, p. 30; VIII, p. 49 . 



4.26 GEOLOGY OF INDIA--POST.TERTIARY AND RfeCENT. [Chap- XVlIL 

has been converted into the alluvial plains of Ahmedabad^ Broach^ Surat^ 
and north-eastern Kattywar. 

Kattywar and Outch. — In North-Eastern Kattywar, on the borders 
of the Ran, there is a large alluvial tract ^ continuous with the alluvium 
of Ahmedahad, and similar in character. Between Kattywar and 
Ahmedabad, in the line of depression between the head of the Gulf of 
Cambay and the Ran, there still exists a large shallow lake of brackish 
water, called the Nal, about 20 miles in length and 3 or 4 broad. 
In the neighbourhood of this marsh, shells of a form of Cerithium 
(probably Potamides telescopium or P, flmnatilis) are found, shewing 
that estuarine conditions have prevailed at no distant period, and tend- 
ing to confirm the probability that the depression between Kattywar and 
Ahmedabad is an old marine inlet, silted up in recent times. The 
distribution of black soil in the neighbourhood of the Nal will be 
noticed presently. 

Along the south coast of Kattywar there is very little alluvium, 
its place being taken by a calcareous grit, with marine shells, which is 
evidently of late formation.* A glance at the map will shew that this 
coast is exposed to the full action of the currents, which sweep along 
the shores of the Peninsula, so that it is unlikely that any accumulation 
of sediment would take place. The north-western coast of Kattywar 
on the borders of the Gulf of Cutch does not appear to have been de- 
scribed by any geologist ; there is probably a belt of alluvium, as there 
is throughout the coast-line of Cutch,® where this belt is from 3 to 10 
miles broad, there being only one place where rocks come down to the 
shore. This is in the Gulf of Cutch. The alluvial plain of Cutch 
consists of a brown loam, resting upon mottled clay, with kankar and 
grains of quartz. 

Littoral concrete : sheUy grits of Bombay, Kattywar, &c.— An 
agglutinated calcareous shelly grit is found, a little raised above the sea- 
level, in several places on the west coast of India. This deposit, which 
is called littoral concrete by Dr. Bnist,^ consists of shells, corals, 
pebbles, and sand, cemented together more or less thoroughly by car- 
bonate of lime, and sufficiently compact in places to be employed as an 
inferior kind of building stone. The best known locality is in Bombay 
island, where the shelly grit forms the flat ground of the Esplanade and 
part of the surface on which the fort was built ; the same deposit is also 

» Rogers : Q. J. C. S.. 1870, p. 118. 

2 MS. notes by Mr. Theobald. 

* Wynne : Mem. G. S. I., IX, p. 81. 

* Trans. Bombay Qeog. Soc., X, p. 179; see also Carter; Jour. Bom. Br, R. A. S., IV, 

p. 206. 
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found at Mahim and other places in the island, resting sometimes upon 
rock, but more often upon the blue alluvial clay, described a few pages 
back. The same formation is found to the southward at Malwdn,^ and 
northward here and there as far as Damfin, where it was observed by 
Mr. Wynne, apparently in process of formation.* Near Balsdr, a little 
north of Daman, the littoral concrete was observed to be stratified, the 
strata dipping at a low angle towards the sea. 

In Western Kattywar the same formation is much more widely de- 
veloped. It here assumes the character of an earthy calcareous grit ; it 
is usually of a dark ashy colour, and contains marine shells and corals ; 
occasionally it attains a thickness of 00 feet, and it rests unconformably 
on the denuded surface of the " Miliolite/^ * The fossils found in the 
calcareous grit, so far as is known, are all species now living on the neigh- 
bouring coast, but no thorough comparison has ever been made. 

There can be very little doubt that the shelly calcareous grits of the 
Bombay and Kattywar coast are truly marine, not estuarine, and that 
they are the result of a littoral accumulation of the sand and pebbles 
found on the shore, together with marine shells and corals. The beds 
may have originally -een sand spits or beach deposits, veiy little, if at 
all, above high-water mark, and consolidated by the cementing action of 
carbonate of lime after being raised. In any case there appears to be evi- 
dence of a rise in the land, trifling at Bombay, but greater in Kattywar. 

Lake deposits. — Indications of local deposits, supposed to have 
been formed in lakes, have been noticed on the Nilgiri hills of Southern 
India ^ and in the Southern M^hratta country,® and have been supposed 
to indicate changes of level. No fossils have been found in these 
deposits, nor does the evidence in either case amount to clear proof of 
the former existence of lacustrine conditions, although the probabilities 
are in favour of this view. 

Soils. — It would be beyond the scope of the present work to enter 
into the question of Indian soils. Consisting as they do of the surface 
of the ground altered by the action of the air and rain, by impregna- 
tion with organic matter and the results of agricultural processes, they 
necessarily vary with every difference in the underlying formation^ 
whether it be one of the older rocks or of the more recent uncon- 
solidated deposits. There are, however, two forms of superficial forma- 
tions which have received repeated notice in Indian geological works, 
and to which a few remarks must be devoted, and one of the two, the 


1 Mom. G. S. I., XII, p. 243. 
3 Rec. G. S. I., I, p. 32. 

3 See p. 342. 


* H. F. Dlnnford : Mem. O. S. I., I, p. 243. 
^ Foote : Mem. G. S. I., XII, p. 228. 
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refill* or black soil, is a very remarkable substance. The red soil 
also requires notice, because it has been so frequently mentioned in 
geological treatises. 

Soils might very well be classed into two great sub-divisions : — up- 
land soil resulting from the decomposition of rock in sifUy — and alluvial 
soil, due to the surface alteration of river and flood deposits.^ It would 
of course be diflicult, if not impossible, to draw an exact line between 
the two, for the alluvial soil, on the margin of every valley, passes by 
insensible gradations into the upland soil of the hill slopes. The soils 
of the gi'eat Indian river plains belong of course to tlie alluvial sub- 
division, whilst the soil found on the plateaus of the Deccan and the 
undulating country of Southern India is to a large extent due to the 
dccompf)sition of rock in sUu, although alluvial soil of one hind or 
another is found in all hollows, and occupies large areas in the river 
valleys. Both black soil and red soil occur in large quantities 
in both sub-divisions ; but the fine alluvial soil of the Indo-Gangetic 
j)lain is very different from cither of the forms of surface prevalent in 
the Peninsula. Where the surface of the Ganges valley has undergoiu? 

^ The Indian Peninsula is so vast, and the variations in climate in different portions 
so great, that the ingredients of the soil arc only one amongst many factors determining 
the agricultural products of the country. The other principal elements are temperature 
and rainfall. Very roughly indeed, India might be dividc?d into three agricultural regions ; 

1. Extra-tropical India; the wheat region. This consists of the great plains of North- 
ern India in which the rainfall is moderate or small, and the winter temperature 
comparatively low. The region almost corresponds with that lying north of the 
January isotherm of G5°. The principal grains are wheat and barley. 

II, — The damper portions of tropical India, the rice countr}'. This comprises all Bengal 
proper, and all the region north of the Krishna from the Bay of Bengal to the 
edge of the trap country in the Deccan, together with the coasts and delta lands of 
Southern India. The principal grain is rice. 

IIl.^Thc drier par{;s of tropical India and all the black soil country; the millet region. 
Besides the whole Deccan trap area, with the exception of the western coast, this 
comprises all the black soil tracts of Southern India, and a very large portion of 
the undulating red soil country. The principal grains are jawdri or cholum (Eolem 
sorghum) and bajri or kambh {Holcus spica). 

Of course, these divisions are not clearly separated from each other. The important 
point in connexion with the geology is the fact that nowhere in the black soil regions, 
nor on any of the soils derived from the Deccan traps, except in a small strip of country, 
with a heavy rainfall, near the western coast, is rice the staple grain of the country. In 
the Central Provinces, especially in the neighbourhood of Nagpur, the difference between 
the agriculture of the trap country, with fields of millet, pulses of several kinds, cotton, 
linseed, &c., produced without irrigation, and the cultivated area of the sandstone and 
metamorphic rocks, where little is seen growing, except rice and sugar irrigated from large 
tanks, is as marked as the distinction between the rocks themselves. The wild vegetation 
of the two formations is as different as the cultivated grains. The whole distinction is of 
course due to the difference in the soils derived from difterent rocks. 
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but little change from agriculture^ and where it is not impregnated by 
organic matter, it consists of a very fine, light-coloured argillaceous loam, 
varying from pale grey to pale brown in colour, and becoming very hard 
wlicn thoroughly dry. 

Red soil. — The somewhat ferruginous soils common on the surface 
of many Indian rocks, and especially of the metamorphic formations, 
would probably never have attracted much attention but for the contrast 
they present in appearance to the black soil. They have only been 
noticed, as a rule, in papers relating to the western and southern por- 
tions of the Peninsula, the black soil country. The commonest form 
of red soil is a sandy clay, coloured red by iron peroxide, and either 
derived from the decomposition of rock m ftitu or from the same pro- 
ducts of decomposition washed to a lower elevation by rain. The term 
“ red soil is, however, f recpiently used in a very vague sense, apparently 
to distinguish such soils as are not black, and hence many alluvial soils 
may be comprehended under the general term. In very many cases, too, 
the term red soiP^ appears to have been applied in Southern India to thick 
alluvial beds of sand or sandy clays, which are in fact ordinary river or 
rain -wash deposits. 

Black soil, cotton soil, or regur (regad). — The regur of Penin- 
sular India,^ called black soil from its colour, and cotton soil from its suit- 
ability to the cultivation of cotton, occupies the surface of a very large 
portion of ilv- country, and Ncwbold considers that at least one-third of 
Southern India is covered by it. The name regur is a corruption of the 
Telugu rcgaila^ or of cognate words in affined languages. 

Regur, in its most characteristic form, is a fine dark soil, which 
varies greatly in colour, in consistence, and in fertility, but preserves the 
constant characters of being highly argillac;eous and somewhat calca- 
reous, of becoming highly adhesive when wetted, (a fact of which any 
one who has to traverse a black soil country after a’ shower of rain 

' The followina; arc some of the principal writers who have described regur: 

Christie: Edinburgh New Pliil, Jour., VI, p. 119 (1929) ; Vll, p. 50 (1829); Madras 
Jour. Lit. Sci., IV. p. 469 (1830). 

Voyscy : J. A. S. II, pp. 303, 397 (1833). 

Ncwbold: Proc. Itoy. Soc., IV, p. 54 (1838); J. A. 8. B.. XIII, p. 987 (1844) ; XIV, 
pp. 229, 270 (1845); Jour. Itoy. As. Soc., VI II, p. 252 (1846). 

Ilislop: Jour. Bombay Br. R. A. S., V, p. 61 (1853). 

Carter : Jour. Bombay Br. R. A. S., V, },. 329 (1854). 

Theobald : Mem. G. S. I., II, p. 298 (1860) ; X, p. (229) (1873). 

H.F. Blanford: Mem. G. S. I., IV. p. 183, (1862). 

King and Foote : Mem. G. S. 1., IV., p. (352) (1864). 

Oldluim : Rcc. G. S. I., IV., p. 80 (1871). 

Foote : Mem. G. 8. I., XII, p. 251 (1876). 

Sec also Mem. 0. 8. 1., VI, p. (235) (1869); Bee. 0, 8. 1., VllI, p. 60(1875). 
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becomes fully aware,) and of expanding and contracting to an unusual 
extent under the respective influences of moisture and dryness. Hence 
in the dry season the surface is seamed with broad and deep cracks, often 
5 or C inches across and several feet deep. Like all argillaceous soils, 
regur retains water, and consequently requii*es less irrigation than more 
sandy ground; indeed, as a rule, in the Western Deccan, Nagpur, and 
Hyderabad, black soil is never irrigated at all. When dry, it usually 
breaks up into small fragments ; on being moistened with water, it gives 
out an argillaceous odour. It is said to fuse, when strongly heated, into a 
glassy mass, but, as might be expected, this is not invariably the case, 
and is probably dejKjndent on the proportions of iron and lime present. 

The chemical composition of regur has not received much attention. 
From the few and partial analyses^ which have been made, the pro- 
portions of iron, lime, and magnesia seem to vary, and there appears 


1 The following arc the HniUyscs. In the first, by Dr. Maclcod, iiud published by Captain 
Newbold, Jour. Roy. As. Soc., VI II, p. 254, a complete nnulysis of a dried sample appears 
to have been made. In the other analyses by Mr. Tween, (Mem. G. S. I„ IV, p. (3(>1),} 
undried soil was used, and the component parts wore only determined in the soluble portion 
111 neither case is it stated how the analyses were made, nor which ingredieuts were deter- 
mined by loss : — 


Silica 

Alumina . 

Carbonate of lime 
Carbonate of magnesia 
Oxide of iron . 

Water and extractive 


48-2 

20*3 

10-21 
10 1 
4*3 

100‘0 


The locality from which 
this soil was obtHiued is not 
stated. 


IiiFioliihlc 
Orirunio inattur 

WlltlT 

Oxide of iron . 
Alumina . 
Carbuuttlc of lime 






\ 

B 











c 

1) 

E 




1 

2 

1 

2 



. 



627 

47-61 

628 

63 7 

68-61 

67-91 

61-80 




»-2 

8*4 

9 

87 

7-2 

8-7 

7 - 6 -i 




8-4 

7-6 

8-2 

or, 

9-4 

9-9 

7-36 




ir 

15’9 

10 ‘9 

11-4 

6 76 

4-36 

6-7 




7-6 

8-6 

7-6 

8 4 

6*81 

8-75 

7-67 

. . . 

• • 


1-2 

11 89 

1-6 

1-3 

1 67 

9*28 

8-63 




100- 

100- 

100- 

100* 

9935 

98-90 

98-70 


“ The residue in all consisted chiefly of magnesia and alkali ; in Al, Rl, and 132, there 
wore traces of sulphuric acid. 

“ A and H were from near Sconi, C from Indore, D from Barwdni, and E from Biir- 
hnnpur : (Seoni and Barwaiii arc in the Narbada valley, and Burhnnpur in the Tnpti). 

** Al, A2, represent the surface soil and snbsoil taken from the same locality, Al being 
the surface, A2 from 5 feet below surface. The two marked Bl, B2, are, in like manner, the 
soil and subsoil (3 feet deep) from one locality, while C, D,and E are the soils taken from 
only a few inches below the surface. Bl is considered the best quality of soil.'* 
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always to be a considerable quantity of org:anic matter combined. The 
black colour appears to be due either to the carbonaceous elements of 
the soil, or to organic salts of iron, but the tint varies much, being 
frequently brownish and sometimes grey. 

Christie made some experiments to determine the absorbent power of 
regur. He first dried a portion at a tcnii)erature nearly sufficient to 
char paper ; he then exposed to the atmosphere of a moderately damp 
apartment 261 5* (5 grains of the dried soil, and found after a few 
days that it had gained 147*1 gmins. He then exjjosed the same 
sample to an atmosphere saturated with moisture, and found that the 
weight increased daily, till the end of a f(‘w weeks, when it was 
found to be 2828*4 grains. The soil had, therefore, gained 212*8 grains, 
or about 8 per cent. 

As a rule, the ])urcst beds of rc^gur contain no pebbles, although this 
soil usually abounds in kankar. Fragments of chalcedony or zeolite 
are, however, often found in the black soil, where it is derived fi’om the 
decomposition of basalt, and in Southern India regur occasionally con- 
tains debris of the metamorphie rocks, sandstone or limestone, on which 
it ivsts. 

Where uncultivated, black soil plains usually support but few trees, 
and those, as a rule, of no great size, but the principal product is grass, 
commonly growing to a height of 3 to 4 feet, but sometimes (*onsiderably 
higher. The growth of grass on the uncultivated plains of India is, 
however, greatly j)romoted, and the trees injured or killed by the univer- 
sal practice of bflrning the grass annually in the dry season, so that it 
is probable that, if left to themselves, the plains of black soil would 
suj)port forest. 

The fertility of this soil is so great, that some of the black soil plains 
are said to have produced crops for 2,000 years without manure, without 
having been left fallow, and without irrigation. On the other hand 
some varieties of black soil, occurring near the coast of Southern India 
are comparatively infertile. 

The typical appearance is only presented by this soil near the surface 
of the ground; if the regur is more than about 6 to 10 feet deep, it 
usually passes down into blown clay with kankar. It is never, except 
where it has hocn carried down and rearranged as a stream de])osit, met 
with at any depth beneath the surface. 

Distribution. — The distribution of black soil in the Indian Penin- 
sula is of some importance, because it affords a clue to the origin of the 
formation. Regur is found eveiy^whcre on the plains of the Deccan 
trap country, except in the neighbourhood of the coast. A very similar 
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soil is found locally in the basaltic Rdjmahal hills, but, with this excep- 
tion, nothing of the kind appears to be known in Bengal or the neigh- 
bouring provinces. In Southern India, however, tracts of black soil 
hre found scattered throughout the valley of the Krishna, and occupying 
the lower plains and flats of Coimbatore, Madura, Salem, Tanjore, 
Ramnad, and Tinnevelly. There is but little on the Mysore plateau. 
Some occurs on portions of the coast jflain on the eastern shore of the 
Peninsula, and the great alluvial flat of Surat and Broach in Eastern 
Guzerat consists of this soil. The soils of Ahmcdabad are light-coloured, 
but regur occiH)ics the surface of the depression lying between Ahined- 
abad and Kattywar, and connecting the head of the Gulf of Cambay 
with the Ran of Cutch.^ 

Origin. — In many cases there cannot be a question that regur is 
simply derived from basalt by surface decornpositon, and it is not surpris- 
ing that numerous observers, from Christie and Voysey to Carter and 
Theobald, should have contended, and should still contend, that all 
cotton soil is derived from disintegrated trap rocks. Throughout the 
immense Deccan trap area, the passage from decomi)Osed basalt into 
regur may be seen in thousands of sections, and all the alluvial valleys, 
most of which contain black soil, are filled with deposits derived from 
the disintegration of basaltic rocks. More than this : over enormous 
areas the boundary of the trap is approximately the boundary of 
the black soil ; where the latter is found beyond the trap boundary, 
volcanic rocks may very probably have existed formerly, and have 
disa])peared through disintegration, or the soil has been washed down 
from the neighbouring trap hills. This is admirably seen around 
Nag})ur and Chanda in the Central Provinces ; everywhere upon 
the trap regur occurs ; a few miles to the eastward, upon the metamorphic 
rocks, it is never seen, except where there is reason to suppose it has been 
transported, as in the alluvial flats of rivers, like the Godavari, run- 
ning from the trap country. Again, w^hilst nothing resembling regur is 
found in the metamorphic region of Bengal, Bchar, Orissa, Chuiia 
Nagpur, Chhattisgarh, and the neighbouring provinces, soils undistinguish- 
able from those of the Deccan traps arc found in the basaltic Rajmahal 
hills, and a similar formation has also been observed in Pegu,® derived 
from the decomi)osition of basalt. It has been urged that basalt may have 
been more widely spread in Southern India than is now the case, and 
that, where none is now found, its disappearance is due to its having been 
converted, by disintegration, into regur. 

' Rogers : Q. J. G. S., 1870, p. 118. 1 ^ Theobald : Mem. G. S. I., X, p. (220>. 
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This view cannot, however, be conceded. In the first place, as was 
shewn by Newbold, basalt generally disintegrates into a reddish soil, 
quite different from regur in character. This reddish soil may be seen in 
l)laces passing into regur, but, as a rule, the black soil is confined to the 
flatter ground at the bottom of the valleys, or on flat hill tops, the brown 
or red soil occupying the slopes. Again, the masses of black soil in the 
valleys of the Godavari and Krishna might be due to the alluvial de- 
posits having been derived from the trap rocks, through which both 
rivers flow in the upper part of their course, but hundreds of square miles 
in the basins of the Perinar, Palar, Cauvery, and other rivers still farther 
to the south are composed of precisely similar regur to that of the trap 
area. There is no reason for supposing that the Deccan trap ever extend- 
ed lo the valleys of the rivers named, nor can there be any reasonable 
doubt that the alluvial flats contained in these valleys are mainly formed 
from the detritus of metamorphic rocks. 

Captain Newbold considered * all regur to be of subaqueous origin in 
India, and compared it to the deposits in tanks, and to the mud of the Nile. 
Mr. H. F. Blanford suggested* that the cotton soil of Trichinoj)oly 
had accumulated in lagoons or backwaters near the sea., and he shcwetl 
that in one place near Pondicherry typical regur was actually being formed 
in a nearly dry lagoon separated from the sea by a sand s[)it. Messrs. 
King and Foote, on the other hand, considered it more probable that the 
Trichinopoly regur was a fresh-water deposit accumulated in marshes. It 
has since been shewn * that a comjdete passage takes place in the neighbour- 
hood of Surat between the deposits formed in tidal estuaries and the regur 
of the surrounding country, and it aj)i)ears probable that much of the 
black soil of Eastern Guzerat may have been originally a marine or 
estuarine (brackish water) formation. On the other hand, Hislop ^ 
objected to the theory of formation by deposition in water, and he appears 
to have been the first to suggest that regur may really be of subaerial 
origin and due to the impregnation of certain argillaceous soils by organic 
matter. This appears to be the most probable theory ; there can be no 
doubt that some forms of regur originate from the decomposition of basalt 
in situ, others from the disintegration of other argillaceous rocks, 
whilst other varieties again were originally alluvial clays formed in 
river valleys, or deposited in fresh-wat(^r marshes, estuarine flats, or salt- 
water lagoons. The essential character of a dark colour appears due in. 
all cases to the admixture of organic matter, and perhaps the presence of 

* Jour. R. A. S.. VIII, p. 256, ^ Hec. G. S. I., VIII, p. 50. 

^ Mem. G. S. I., IV, p. 191. ^ Jour. Hoiubny Ur. K. A.S., V, p. 61. 

3 Meui. G. S. 1., IV, p. (357). 
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a small quantity of iron. It is far from improbable that most of the 
black soil flats of India were at one time covered with luxuriant forest, 
for when the vegetation was not annually exposed to the effects of fire, 
the trees may have attained far greater dimensions than they do now. 
Tlie increased dampness of the soil, the protection from denudation by 
rain, and the supply of decomposing vegetable matter may have contri- 
buted to the formation of themore fertile forms of regur. That the 
process of regur formation is purely superficial, and that it is due to sur- 
face action of a past time, is well seen in many of the regur plains 
with a slightly undulating contour. In such places, where the wash 
of rain has swept away the surface soil on the sides of hollows, the earth 
is brown ; on the flats above, it is black, because the superficial layer has 
not been washed away ; the black soil, however, washed from the sides of 
the hollows, has frequently accum ulated towards the lower portion of 
them. 

The abrupt termination of regur in places at the edge of the trap 
country is simply due to the change from an argillaceous soil to a sandy 
one. The basalt appears generally to decompose into a highly 
aluminous substance ; the metamoi’phie rocks, on the other hand, produce 
sand to a large extent. At the same time, it should be stated that it is 
not quite clear why argillaceous deposits should have become regur in 
Southern India, whilst nothing of the kind is known in Bengal, except 
in the basaltic region of the Rajmahal hills. A dark-coloured soil cer- 
tainly forms in the marshes of Eastern India; but it has not the 
character of regur, and no cotton soil has been noticed in the dense forests 
of Chutia Nagpfir and Bastar, nor, except on the surface of basalt, 
in the forest-clad plains of Burma. It is doubtful whether true regur 
occurs on the Malabar coast between Bombay and Capo Comorin, and the 
marshy soils on the top of the Sahyadri range do not form cotton soil. 
The black soil plains appear to be almost confined to those parts of India 
which have a moderate rainfall, not exceeding about 50 inches ; but it is 
impossible to say whether this is a necessary condition. 

It may then be stated that regur has been shewn on fairly trust- 
worthy evidence to result from the impregnation of certain argillaceous 
formations with organic matter, but that the process which has taken 
place is imperfectly understood, and that some peculiarities in distribu- 
tion yet require explanation. 

Peat. — True peat forms in the hollows on the Nilgiris and some 
of the other mountains in Southern India, such as the Shivarais,* at 


1 Foote : Mem. G. S. 1., Xll, p. 252. 
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elevations above 4,000 feet, and its formation is due, as in temperate 
climates, to the growth and decomposition of a moss. In the marshes 
of the Gangctic delta an inferior kind of peat is also formed by the 
decomposition of various aquatic plants, and especially of wild rice.^ 
The peat-like beds found so widely distributed in the neighbourhood of 
Calcutta at a little depth below the surface apjxjar to be derived from 
the decomposition of forest vegetation.* A somewhat similar substance 
has been obtained from beneath a marsh in Oudh.* 

Blown sand. — Sand drifted by the wind forms low hillocks on 
many parts of the Indian coast. Ilcference has already been made to 
the parallel ridges of sand-hills along the shore of Orissa.* A similar 
tract of blown sand is found north of Orissa in the Midnapur district, 
and southwards at intervals throughout the whole of the east coast.* 
The sand is, of course, derived from the sea-shore and blown up into 
ridges at right angles to the prevailing wind, with their longer slope to 
windward and a shorter and steeper surface to leeward. Smaller patches 
of sand are sometimes found on the banks of backwaters. The sand- 
hills frequently extend for ^ or 3 miles inland from the coast, and 
in such cases the inner ridges are covered with a peculiar vegetation, 
amongst which the cashew-nut tree [AuacartVmm occidetdale) and a 
screw-pine {Tandanm) are conspicuous, and in some cases between the 
parallel ridges coinciding in direction with the coast the ground is flat, 
and even occasionally, as in parts of Midnapur, marshy. In the latter 
case, it is probable that a lagoon has existed, which has been gradually 
dried up, the origin o£ the lagoon being due to the formation of a sand 
spit outside it. As already noticed, the existence of several parallel 
sand ridges i)robably indicates a rise of land, each ridge coinciding with 
a former coast line. 

On the Malabar coast, sand dunes are equally common, and, by 
accumulating on spits of sand, they contribute greatly to the formation 
of lagoons or backwaters.^* In the northern portion of the western 
coast about Bombay no sand-hills have been noticed, probably because 
the detritus from the trap rocks does not form a suitable material, but 
farther north again, in Surat and Broach,^ in portions of Kattywar, and 


1 .1. A. S. n., XXIII, 1854., J). 400 . 

2 See p. 400, 

3 Proc. A. S. B., 18G5, p. 85. 

4 Mem. G. 8. 1., 1, p. 275. 

® Ncwbold : .Tour. Roy. As. Soc., VIII, p. 263;— Kiiiy; uud Foote: Mem. G. S, I., IV, 
p. (249) ; — Foote: ib., X, p. 12. 

® Newbold : .Tour. Roy. As. Soc., VIII, p. 2G8* 

7 Mem. G. S. I., VJ, p. (235) ; IX, p. 83. 
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in Cutch, blown sand occupies more or less ground in many places in the 
neighbourhood of the shore. 

Sand dunes in India are not confined to the sea-coast^ but are 
frequently found on the banks of rivers. One example has already been 
mentioned, the Bhiir land of the Punjab,^ and the accumulation of 
blown sand on river banks is of common occurrence on many of the 
peninsular rivers, such as the Godavari, Krishna, and Can very .a In some 
instances noticed by Newbold,® villages have been buried by the sand 
blown from the river beds during the dry season. In fact, the study of 
the action of the wind and its effect in transporting detritus of all 
kinds cannot be said to have received much attention hitherto, but in 
the drier parts of India the amount of dust and sand transported by 
the atmosphere must be very great. 

Indian desert. — By far the most important accumulation of blown 
sand in India is, however, between Sind and Rdjputana, in the tract 
known as the great Indian desert.^ The name conve 3 ’^s a somewhat 
imperfect idea, because the region in question is neither absolutely barren 
Uior uninhabited ; it is covered with shrubs and bushes in general, and small 
trees are found in places, whilst villages are scattered throughout, and 
immense herds of camels, cattle, goats and sheep are pastured. The 
desert is, in fact, a great sandy tract without any streams of water, and a 
large portion of the surface consists of blown sand. 

Besides the isolated sand-hills scattered over the region, there nre some 
tracts, in particular, in which the whole area appears to consist of sand 
dunes. One of these tracts, known as the Thar (Thurr), extends along the 
edge of the Indus alluvium from the neighbourhood of the Ran of Gutch 
t o north-east of Rohri, and probably farther still to the northward, towards 
Bahawalpur. This tract is about GO miles across near Umarkot, and 50 
miles east of Rohri. The sand-hills are arranged in regular parallel, or 
nearly parallel, ridges running north-east and south-west near Umarkot, 
whilst to the north their direction is from south-south-west to north- 
north-east. Farther south than Umarkot and near the Ran, the general 
direction of the sand ridges is said to be nearly east and west, and they 
arc much higher than they are elsewhere, some having an elevation of 
as much as 400 or 500 feet.® 

Another great tract of sand-hills more to the eastward extends north- 
north-east from the neighbourhood of the Ran along the western side of 

> P. 404. 

8 King uiul Footo : Mein. G. S. I., IV, p. (249). 

* Jour. Roy. As. Soc., VIII, p. 269. 

♦ J. A. S. XLV, 1876, pt. 2, p. 86; Records G. S. I., X, p. 20. 

^ 8ir U. B. E. Frere : Jour. Uoy. Gcog. Soc*, 1870, vol. XL, p. 200. 
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the Luiii river, towards Bikanir. Between Jodhp6r and Pokarn, this belt 
of sand dunes is about 40 miles broad. It is probably connected with 
the western tract by the east and west ridges already mentioned in the 
neighbourhood of the Ran. The sand-hills in the eastern tract are 
lower than to the westward, and they are not in such regular ridges. 

Throughout the central portion of the desert around Bdlmir and 
Jesalmir the ground is higher, and there are rocky hills. Tliere is still 
a great quantity of drifted sand scattered over the surface, but sand-hills 
are few and of small size. The sandy region also extends to the eastward 
as far as the Arvali (Aravully or Aruvelly) range, and even beyond in 
places. To the northward blown sand is found throughout Bah&walpur 
and Bikanir as far as the neighbourhood of the Jumna. 

The general direction of the sand-drift is evidently from south-west 
and south-south-west, the direction from which strong winds blow in 
the hot season. May, June, and July. At other times of the year the 
winds arc light and variable, but in the months mentioned a steady 
breeze, sometimes becoming violent, sets in from the quarter named. 
It is a well-known fact, explained in all elementary works, ^ that sand or 
any other substance, moved along the surface by air or water, arranges 
itself in ridges at right angles to the current, with a lower sloj^c towards 
the direction from which the moving power comes— ‘to windward, in 
the case of air, — and a steeper slope in the opposite direction or to 
leeward. The “ rippling or current marking on the surface of sand- 
stone, &c., is a familiar example, and so arc the small ridges j)roduced 
on the surface of dry sand by the wind. The long slope to windward 
varies in the angle of dip, the steep slope to leeward is that naturally 
assumed by the sand when blown over the crest of the ridge. 

In general throughout the desert the sand-hills, whatever be their form, 
have a steep slope to the north-cast, and a lower slope to the south-west, 
and the sand in many places, as west of Balrnir, accumulates in large 
quantities on the north-east or leeward side of the rocky hills. Even 
in the long parallel south-west and north-east ridges of the Thar, which 
arc often from a quarter of a mile to half a mile across and extend for 
many miles, and in which there is no constant distinction between the 
slopes on the two sides, abrupt terminations with a steep slope to the 
north-cast are frequently seen. It is evident that tlie enormous quantity 
of sand in the desert region is derived from the south-west, and that it 
has been transported by the strong winds of the hot season. Here two 
rather different questions arise : the source of the sand, and the reason 

^ Stie Lycll, PrinciplcB, (Ed. 1867) b p. 516, De Lt Uochv, Geological Observer, p. 59 i 
Marsh, Man and Nature, pp. 471‘483, &c. 
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why the great sand ridges of the Thar are parallel to the direction of the 
prevailing winds instead of at right angles to it. 

It should be noted that many of the sand-hills are evidently of great 
antiquity ; they often shew evidence of denudation from the action of 
rain, and in places they are worn into ravines several feet in depth. When 
the small rainfall of the desert region ^ is taken into consideration, it is 
evident that a long series of years must be required for ravines to be cut 
in the sand, since it is only in exceptionally heavy showers that any rain 
can run off so porous a surface. The great age of the sand-hills is also 
attested, though in a minor degree, by the evidence of the inhabitants. 

It appears difficult to believe that all the sand found in the desert 
can have been derived from the Indus* The surface of the Ran at pre- 
sent is too muddy to furnish any large supply. Tlie sand consists of well- 
rounded quartz grains mixed with smaller quantities of felspar and horn- 
blend, and is undistinguishable from the sand of the sea-coast. That 
found in the bed of the Indus is also very similar in character. The 
most probable theory aj)pears to be that the Ran of Cutch and the lower 
portion of the Indus valley have been, as has already been shewn to be 
probable on other grounds, occupied by the sea in post-tertiary times, 
and that the sand of the desert was derived from the shore. The most 
sandy tracts, as has also been shewn, are on the edge of the Indus valley, 
along ihe northern margin of the Ran, and along the depression of the 
Luni valley, and these portions of the country were all probably situated 
on the coast. The form of the rocky hills around Balmir and Jesalmir 
shews that they have been shaped by subaerial, not by marine, denudation, 
and it is probable that the central portion of the desert was land, whilst 
the Indus valley, the Ran, and the Luni valley were occui)ied by sea. 

The other difficulty, that of accounting for the direction of the sand 
ridges in the Thar, is greater. Tlie most probable explanation appears 
to l>e that the hollows between the ridges arc due to denudation by the 
wind, and that the tract was originally much more thickly covered by 
sand than it now is.® 

The accumulation of sand in the desert region is evidently due to the 
low rainfall and to the consequent absence of streams, the cfEect being 
intensified by the accumulation of sand and the porous nature of the 
resulting surface. In other parts of India the sand blown from river 

1 The amount is only known at a few localitios. The average rainfall at Karachi is 
7*03 inches; Umarkot, 11*8; Mooltnu, 6*21 ; Sirsa, about the same. The rainfall at Jesalmir 
ami Jodhpur is unknown. At Deesa it is much greater, 34*57 inches ; but the quantity 
increases rapidly to the eastward. 

- For a full discussion of this Euhjcct, see the paper already quoted on the Indian 
(losert, J. A. S. 11., 1876, Vol. XLV, pt. 2, p. 97. 
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channels or the sea-coast is either driven by the wind into other river 
channels^ or it is swept into them again by rain. There are sand-hills 
in abundance in the alluvial plain of the Indus^ but they attain no 
great size, because the sand is always swept sooner or later into some 
stream, by which it is carried away towards the sea. As, owing to the 
increased rainfall, streams appear in Rajpfitana, or to the northward, 
in the Ganges valley, the sand-hills disappear. 

Other desert tracts. — Besides the occasional sand-hills of the Indus 
valley in Sind, there are some much larger tracts in the Panjab, 
repeating, on a smaller scale, the phenomena of the Thar and the Raj- 
putana desert. The most important of these is in the Sind Sagar 
Doab between the Indus and Jlielum, but there is a barren tract in the 
Rachna Doab between the Chenab and Ravi, and sand-hills occur in 
places also in the Bari Doab between the Ravi and Sutlej. 

Sand denudation and strisB on rocks.~In connexion with the 
sand drift, the marks produced hy the combined action of the wind and 
sand on rocks may be noticed. Tl^pse are very conspicuous in places on 
the jurassic limestones of Jesalmir, and on the nummulitic limestones of 
Sind. The surface of the limestone on the plateaus close to Jesalmir 
is everywhere scored with grooves and stria3, striking about N. 35® E., 
the direction of the strong sand-transporting winds of the hot season. 
The resemblance to glacial markings is very great, but there is an absence 
of the polished feurfacc, characteristic of ice action. 

Pot-holes in river-beds. — It would be unnecessary to mention this 
common form of erosion but for the circumstance that it has been ‘ sup- 
posed that no instances have been noticed in India, and it has hence been 
inferred that the phenomena are rare. On the contrary, as might be 
expected, pot-holes, or giants^ cauldrons, arc not only excessively common 
in the beds of Indian rivers, but, owing to the alternation of wet and dry 
seasons, and the consequent exposure of the river beds to floods at one 
period of the year, whilst the channels remain nearly dry at other 
seasons, there arc in India unusual facilities for studying the effects, upon 
rocks, of water in violent motion. Pot-lioles consequently abound in 
the beds of all streams and rivers traversing sandstone, limestone, or 
any other rock of fairly homogeneous composition, including basalt 
and other varieties of trap, many forms of metamorphic rocks, and even 
quartzite. The abundance of these marks of erosion, indeed, caused 
ihem to be noticed in Southern India many years since ; several were 
described by Benza * and Newbold,^ and shewn to have been produced 

* Proc. A. S. B., 1877, p. 7‘.). 

" Madr.is .lour. Lit. Sci. (1836); IV, p. 291, and fig. 5, p. 245. 

Proc. Oool. Soc., Ill, p. 702 (1843) ; Jour. Roy. As. Soc., VllI, p. 261 (1846). 
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by the action of water. It is almost impossible to walk for any distance 
along* the bed of a stream traversing rock in any part of India without 
seeing pot-holes in abundance.’ Very commonly, these natural basins 
arc employed to wash clothes in, and they may be found occasionally used 
for steeping plants, or portions of plants, in water, for various purposes.^ 
Pre-historic human implements: Stone.— It is, of course, 
beyond the scope of the present work to enter into the subject of Indian 
archsBology, or even to deal with the works of pre-historic man, such as 
stone circles, cromlechs, and mounds, so widely scattered over the surface 
of the country.* The discoveries of chipped implements of quartzite 

1 The following nre fi few instnnccB in which the occurrence of pot-holes liss been 
noticcid by the Geological Survey : — King and FootCi near TrrchiiiopoTy, Mem. G. S. I., IV., p. 
(2V.)); Hughes, in the Boknro conl-field, Diiniuda valley, ih,, VI, p. (91); Ball, in Uie 
Riijgarh and Ilingir coal-field, Mdh^nadi valley, Roe. G.S. I., VIII, p. 114; Foote, on the 
Gliatjirubha and Mulprahliu rivers, Mctn. G. S. I., XII, pp. 88, 99. 

2 Bull ; Proc. A. S. B., 1877, p. 143. 

3 For information on the subject of cromlechs, cairns, menhirs, dolmens, mid stone circles 
in India, Fergusson’s Rude Stone Mouiimen|p,” pp. 455*509, may he consulted ; also 
Lubbock’s ** Pre-historic Times,” 3rd ed., p. 127 > and the following papers relating to stone 
monuments in particular districts : — 

Yusafzai (Eusufzye), — Proc. A. S. B., 1870, p. 5. 

Kkditi mils, — Hooker’s Himalayan Journals, II, p. 320 ; Godwin-Austen, Jour. Authropw 
Inst., 1, p. 122, Pis. III-VI ; vol. V, p. 37, PI. II, III. 

Nuffd mils, — Godwin-Austen, Jour. Anthrop. Inst., TV, p, 144, Pis. KI-XII. 

Chuiia Ndffpur, — Dalton, J. A. S. B., 1873, XLII, Pt. I, p. 112, PI. 1, II. 

N, B , — The stone monuments in the Kliasi and Nagd Hills and in Chutia Ndgpfir arc 
of modem date. 

J^&fipur, — Uivett-Carnac, Proc. A. S. B., 1870, p. 65v 
Carey, Proc. A. S. B., 1871, p. 238. 

Nizam's Dominions’, Eastern, near Qodavdri, — Mnlheran, Proc. A.S. B., 1868, p. 116, 
PI. 1 ; ib., p. 148; King, J. A S. B., 1877, XLVl, Pt. 1, p. 379, Pis. XI-XIl. 

Nizam's Dominions’, Western, near Bhima and KrisJina rivers, — Jour, Bombay Br, 
R. A. S., Ill, Pt. 2, p. 179, 8 plates; vol. IV., p. 380, Pis. XIII-XVIl ; Trans. Roy. lrish 
Acad., XXIV, Antiquities, pp. 329 — 863. These accounts by ihc lute Captain Meadows 
Taylor are particularly interesting. 

(Mysore), — Cole, Indian Antiquary, II, p. 86, 

Knrg (Coorg),— Cole, Proc. A. S. B., 1868, p. 151, PI. II ; ib., pp. 184, 243 ; 1869, pp. 54, 
202, 226. 

Nilgiris, — Congreve, Madras Jour, Lit. Sci., XIV, 1847, p. 77 ; Saxton, Proc. A. S. IL, 

1870, p. 62. 

Malabar, — Bahington, Trans. Lit. Soc. Bombay, III, p. 324, PI. A, D. E. (1820). 

Guntur, — Fergusson, J. R. A. S., new Scries, 111, p. 143, 

Coimhatur, — Walhouse, J. R. A. S., new Series, VII, p. 17. 

Phillips, Indian Antiquary, II, p. 223. 

Carnatic, — Congreve, Mad. Jour. Lit. Sci., XIII, p. 47 (1844). 

Tinnevellg, — Kcarus, Mad. Jour. Lit. Sci., XXI, p. 27. 

The above is not a comjdete list of referoners, but it will probably suffice to aid any one 
iiiterostcd in the subject. Some additional references will be found in Fcrgussoii’s ** Rude 
Stone Monuments.” 
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in the low-level laterite of Madras, of a similarly chipped axe or scraper 
in the alluvial deposits of the Narbada (PL XXI, fig. 1), and of a flake, 
apparently of human munufacture, in the Goddvari gravels (fig. 2), have 
already been noticed. These are the only well-aseertained cases in which 
implements have been found in clearly-defined formations, but similar 
objects of human manufacture occur abundantly, either scattered over the 
surface, or in the superficial gravels, or even in river deposits. 

PalSBOlithic. — The oldest kinds of human implements found in 
India consist of chipped stones of peculiar shape, sometimes known 
as spear heads,” ‘^axes,^^ and ‘^scrapers,” the commonest shapes 
being cither flattened in one direction and ovate in the other, ;the 
scrapers,) or less flattened and pear-shaped, (the spear heads) . The axe- 
head forms, with a straight-cutting edge at one end, and either 
rounded or attenuate at the other extremity, are rarer. The common 
types are similar to those of the well-known flint implements found in 
Europe, and especially near Abbeville in France, and very much like those 
figured at pages ligand 115 in LyclLs Antiquity of Man,” but the 
material in India is not flint, but quartzite. Implements of vein quartz 
and of greenstone have also been found. 

Chipped implements of the Abbeville type were first found in large 
numbers near Madras ^ by Messrs. Foote, King, and C. Oldham, and 
subsequently to the northward as far as the Godavari. A few have 
also been found in South-Eastern Bengal, Orissa, in various parts of the 
Central Provinces, and in Assam.^ The material has, in almost all cases, 
been derived from the quartzites of the Vindhyan or transition series, 
either directly, or else from pebbles of the quartzites occurring in later 
formations. 

Flakes or stone knives and cores. — The flakes or stone knives 
made from agate, flint, or chert, are doubtless in part of equal antiquity 
with the quartzite implements, but it is at least possible that many are of 
more recent origin, and it is certain that precisely similar flakes are still 
used by the Andaman Islanders, although, since the advent of Europeans 
to the islands the inhabitants have preferred glass bottles to chert as a 
material for the manufacture of cutting implements. Flakes made of 
agate are found commonly throughout the area of the Deccan trap 
in which agates abound ; the chips are usually of very small size, from 
one to two inches in length, and iK)lygonal cores, either prismatic or 

* Foote: Madras .Tour, Lit. Bci., Scr. 3, Pt. 2, p. 1., Pis. 1-XV (1866); Q. J. G. S., 
1868, p. 481<; Mem. Q. S. 1., X, p. 43; nuincrous figures accompany the paper first quoted. 

2 P. A. S. B., 1871, p. 179. 

3 For a list of references to notices up to date, of the occurrence of stone implements, 
see Ball, Proc. A. S. B., 1867, p. 148; also Proc. A. S. B., 1876, p. 122. 
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conical, from which flakes have been split, are met with in considerable 
numbers, especially on the edge of the trap area. They were first 
noticed near Jabalpur by Lieutenant Swiney,^ and have since been found 
at Nagpur and elsewhere. 

In Sind, on the hills near Sukkur and Rohri, immense quantities of 
imperfect flakes and cores are found made from the flint, which abounds 
in the nummulitic limestone. Many of the cores are 3 to 4 inches 
long. Some smaller but very perfectly and regularly shaped cores of 
the same material have also been found in the bed of the Indus at 
Sukkur * : one of these is figured on Plate XXI, fig. 3. 

Neolithic. — The later or neolithic forms of stone implements, 
known as Celts,^^ in which the surface has been smoothed by grinding, 
arc also found in India. They were first noticed by Mr. H. P. LeMe- 
Burier* in Bundelkhand, especially around Kirwi, and in the adjoining 
district of B&nda, where they appear to exist in considerable numbers. 
The material of which they are composed is usually a kind of greenstone, 
but some are of as chistose rock. One specimen is also recorded from Behdr * 
three from Chutia Nagpur and Hazaribdgh,®one from Ktfrg (Coorg,**) 
and several, some of which are of jade, from Assam ’ ; some have also been 
found in the Andaman Islands.** All hitherto noticed closely resemble 
forms common in Europe, and one of the most characteristic is represented 
in PI. XXI, fig. 4. A totally different type of neolithic weapons is 
common in Burma,® but has hitherto only been found, in India, in Chutia 
Niigpiir.^® This form is distinguished by having more or less the form of 
an axe or adze, one end being cut away at both sides into shoulders, so as 
to leave re-entering angles into which a handle could be fitted, (PI. XXI, 
fig. 5.) The Chutia Niigprfr implements are of quartzite or of some 
igneous rock ; the Burmese are usually of hard sandstone, slate, schist, 
or limestone. Perforated ring stones or spindle whorls and hammer 
heads have also been found in various parts of the country. 

> Proc. A. S. n., 1865, p. 77 ; 1866, p. 230, PIb. II I, IV ; 1867, p. 136 ; 1869, p. 51. 

2 Evans, Geol. Mag., 1866, p. 433, PI. XVI ; P. A. S. B„ 1875, p. 134. 

3 J. A. S. B., 1861, XXX, p. 81 ; ace also Theobald, J. A. S. B., 1862, XXXI, p. 323. 
Several kinds are figured on two plates accompanying the latter paper. 

* Theobald, l.c. 

« Ball, Proc. A. S. B„ 1870, p. 268 ; 1878, p. 125. 

3 H. A. Mangles. P. A. S. B., 1868, p. 59. 

^ Lieut. Steel, P. A. S. B., 1870, p. 267, Pis. Ill, IV; S. E. Peal, ib., 1872, p. 136. 

» Stoliezka, P A. S. B., 1870, p. 17. 

2 Theobald. P. A. S. B., 1865. p. 126; 1869, p. 181, Pis. Ill, IV; 1870, p. 220 : Mem. 
G. S. I.. X. p. (366), Pis. Ill, IV, V. VI, VIII, IX. 

Ball, r. A. S. B., 1875, p. 118, Pi. II. 

» P. A. S. B., 1866. p. 135, PI. I; 1874, p. 96,. PI. V; 1875, p. 102 ; Mem. G. S. I., 
X, p. (358), PI. Vll. 
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Copper, silver, and bronze implements.— In Europe the earliest 
metallic weapons found associated with the remains of man are usually 
made of bronze, but as bronze is an alloy of copper and tin, and as the 
latter metal is never found native, and requires some metallurgical skill 
for extraction from the ore, it has been inferred that a knowledge of the 
use of copper, which not unfrequently is found in the native state, must 
have preceded the manufacture of bronze, although pure copper imple- 
ments are, in Europe, of extremely rare occurrence. In North America, 
however, where native copper occurs locally in great abundance, imple- 
ments made from the pure metal are more common. Hitherto but few 
copper weapons have been noticed in India, but still they have been 
found more frequently than bronze. Of the latter metal, indeed, but a 
solitary example appears hitherto to have been discovered : an axe was 
found' in the neighbourhood of Jabalpur, but no details of the discovery 
have been recorded. An analysis by Mr. Tween shewed that the com- 
position was : copper 86*7, tin 13-3, per cent. 

Two copper axes, a copi^er spear head, and some bracelets of the 
same metal, were found in a field near Mainpuri in the North-West 
Provinces.^ One of the axes closely resembles a flat form of celt 
common in Europe ; the sjiear head is cut at the edge into a series 
of pointed teeth ; the bracelets arc identical in form with the ring- 
money of antiquarians. Another important discovery of 404 copper 
implements and 102 pieces of silver was made near the village of Gan- 
geria in Balaghat district. Central Provinces.''^ The copper is in the 
form of axes and of long chisel- shaped implements, broader at the end; 
the silver in peculiar thin forms, probably intended for ornament. All 
were found buried together in a spot until recently covered by forest. A 
discovery of very rude pieces of copper was made near Pachumba in the 
Hazfiribagh district,^ and a fine copper axe or celt, 8 inches long, 2J broad, 
and about i inch thick in the middle, was lately found at Bhagotoro 
near Schwan, in Sind, in excavating for the Indus State Railway. In 
no known case have bronze or copper implements been found in India 
in connexion with other works of man, except in some instances in which 
articles made of iron were associated. 

T^n implements. — Weapons and other objects made of iron arc 
found abundantly in many parts of India in stone eirtJes, or associated with 
cromlechs and other stone monuments, many of which appear to be of 
great antiquity, and to have been erected by tribes long since extirpated 
or driven from the country. The erection of rude stone monoliths is 

» R. Strnchoy, Vrov. A. S. R., 1809, p. 00. | 3 p,.oc. A. S. R.. 1870, p. 131, PI. II. 

2 Proc. A. S. R., 1868, pp. 251, 262. I * Proc. A. S. B., 1871, p. 1531. ‘ 
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still practised by some of the wilder tribes of India/ so that 
the date of such erections is in many cases doubtful. There can be 
little, if any question, however, that many of the stone circles of the 
Central Provinces and the Korumba rings of Southern India date 
from a period previous to the Arian immigration, and they were possibly 
contemporaneous with the very similar remains found in Europe and 
Central Asia. In Europe, liow^ever, stone circles and cromlechs are con- 
sidered characteristic of the bronze age ; whereas in India, iron impale- 
ments have been found associated with them in several places, amongst 
others near Nagpur,* in the Wardha district,* near Ferozabad, * and 
Sorapur,* east of Hyderabad in the Deccan, in Maisur® (Mysore) and 
Kiirg’ (Coorg), on the Nilgiri hills,® in Malabar,® Coirnbatur, Salem,” 
and Tinnevelly.'* It apj)cars not improbable that iron may have been 
manufactured in India at an earlier period than in Europe, and that the 
paucity of bronze weai)ons discovered in India and the comj>arative abund- 
ance of iron are due to the short period w^hich elapsed, in Southern 
Asia, betw^een the first discovery of the art of metallurgy and the inven- 
tion of a process for extracting iron from its ores. At the same time 
there can be no question that the comparatively mumerous discoveries 
of iron implements are due to the association of those implements with 
conspicuous stone monuments, and the apparently rare occurrence of 
copper and bronze weapons may be caused by the wrant of any similar 
marks to indicate the piosition in which human works of the earlier 
metallic ages lie buried. It is only within the last few years that atten- 
tion has been fully attracted to the subject of human pre-historic 
remains, and it may fairly be hop)ed that much remains to be ascertained. 
In all probability, there are few countries in the world where more im- 
p)ortant results may be anticip)ated than in India ; every probability 
appears to point to the tropics as the original habitat of the human race ; 
there is no other tropical country with so long an authentic history as 
India, and but few in which pre-historic remains are known to be so 
abundant. 

> See foot-note to p. 440. 

3 Rivett-Cernac: Proc. A. S. D., 1870, p. 54. 

s Carey : Proc. A. S. B., 1871, p. 238 ; some nrticles of copper were also found, 

* Meadows Taylor: Jour. Boinbny Br. R. A. S., HI, Pc. 2, p. 179, PI. VI. 

^ Meadows Taylor : Jour. Bombay Br. R. A. S., IV, p. 380. 

^ Cole : Indian Antiquary, II, p. 86. 

7 Cole : Proc. A. 8. B., 1868, p. 186, PI III, 

" Saxton : Pi*oc. A. S. B., 1870, p. 62; Walhouso, Indian Antiquary, II, p. 276. 

° Uabington : Trans. Bom^y Lit. Soc., HI, p. 324, PI. C. 

Walhouse: J. U. A. S., new ser., VI I, p, 17. 

Phillips : Indian Antiquary, II, p. 225. 

Kearns: Mad. Jour. Lit. Sci., XXI, p. 27. 
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CHAPTER XIX. 

EXTRA-PENINSULAR AREA. 


SIND. 

Siib-division of the extm-pcninflular area : — I, Sind — Physical geogrraphy of Western Sind 
— Rock formations — Cretaceous beds — Deccan trap — Ranikot group — Pahcoiito- 
logy — Cretaceous and lower tertiary beds of lialuehistdn — Khirthar group — Pahe- 
ontology — Nari group — Palscontology — Gdj group — Palajontology — Manchhar 
group — Relations to Makrdn group of Baluchistan — Palicontology of Manchhar group 
— Post-tertiary beds — Additional notes cm Sind tertiary scries — Absence of general 
breaks below pliocene — Great post-pliocene disturbance — Alternation of marine and 
fresh-water beds. 

Sub-division of the extra-peninsular area. — The distinctions 
in geological characters between the peninsular and extra-peninsular 
areas of India have already been explained, and the reasons for treating 
the two regions separately have been sufficiently stated in the intro- 
ductory chapter ; whilst the descriptions of the tertiary, and still more 
of the postitcrtiary, formations of the Peninsula furnish a natural passage 
to the extra-peninsular area. This is geologically an intrinsic portion 
of the Asiatic continent, whilst peninsular India is not. 

Imperfect as is our knowledge of the geology of the Indian Penin- 
sula, our acquaintance with the geological structure of the mountain ranges 
west of the Indus, of the Himalayas, and of the countries cast and north- 
east of the Bay of Bengal, is even more fragmentary. Occasionally wide 
areas intervene, such as Nepal and the outer hills of the Afghan high- 
lands, from which Europeans are rigidly excluded, and, even when no 
political difficulties exist, the physical impediments to surveying are of 
the most serious description. Many parts of the mountainous barrier 
which almost surrounds India are, from their great elevation and rigor- 
ous climate, only habitable for a short period of the year, and even 
then their exploration is a matter of difficulty ; population is sparse, and 
roads either difficult or wanting throughout the whole tract. To the 
eastward, in the damper regions of Assam, Sylhet, and Burma, the dense- 
ness of the forest tliroughout nearly the whole of the country, and the 
impenetrable undergrowth of creepers, canes, bamboos, and shrubs, render 
the examination of the rocks toilsome, tedious, and unsatisfactory. To 
crown the whole, throughout extra-peninsular India, with the exception 
of Sind and the Pan jab, the geology is greatly obscured by the disturbance 
and, in many parts, the metamorphism which the rocks have undergone. 
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Owing those various drawl)aeks, it is not practicable to treat the 
geology of extrn.-pcninsular India as has been done in the case of the 
peninsular area, and to describe each formation throughout the whole 
region by itself. Having to deal with fragmentary and isolated observa- 
tions, varying greatly in their amount of detail, it ajipears best to take 
each geological tract separately ; and this arrangement is facilitated by 
ihe fact that there is a wide distinction between different parts of the 
region, l)oth in the formations represented, and in the physical features of 
the geology, such as the directions of the mountain chains. The plan 
that will be adopted in describing the extra-pcninsulai’ tracts will be to 
commence at the west with Sind, as the rocks of that province are not 
only closely connected with the tertiary formations of Ciitch and Katty- 
war, described in the fourteenth chapter, but are also of importance as 
affording a belter series of the tertiary beds, so widely developed in 
extra-peninsular India, than is known elsewhere in Southern or South- 
Eastern Asia. 

The following regions will therefore be separately described : — 

I. Sind. IV. Assam, Sylhet, Cliittagong, &c. 

II. Pan jab hills west of the Jhclum. V. Burma. 

III. Himalayas. 

I. Sind Physical geography of Western Sind.-^SThe greater 
part of the })rovinco of Sind is included in the Irido-G angelic jdain, 
already described in Chapter XVII; Eastern Sind, beyond the limits of 
the Indus alluvium, consists chiefly of sand-hills, and the rock area of 
the province is almost limited to the ranges of hills on the western or 
Baluehisian frontier, and a few isolated ridges in the ayuvium ; the most 
important exposures amongst the latter being those near Sukkur (Sakhar) 
and lloliri (Roree). 

The province is commonly divided into Upper and Lower Sind, the 
former lying north, the latter south of Sehwan. Upper Sind consists of 
a broad alluvial plain on both sides of the river, interrupted near Snk- 
kur and Rohri by the ridges of limestone ali-eady mentioned, and bounded 
to the westw.ard by a north and south mountain chain, known as the 
Khirtliar, ^ forming the boundary Ijetween Sind and Baluchistan, and 
rising in places to (»,0()0, and even in one spot to 7,000, feet above the 
sea. Lower Sind, west of the Indus, consists of a series of parallel 
north and south ridges of no great height, seldom exceeding 2,000 feet 
above the sea, but much loftier to the north than to the south, where 
they almost disappear in an undulating plain near the coast. Many of 

* This range in all the older maps is nniU‘d with other hills on the western border of Sind, 
and the whole is ealled tlu^ Iltihi range. No sutdi range is recognised in the country. There 
is u Hula pass, not in the Kliirthiur range, but iii another mueh smaller ridge south of Sell wan. 
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these ridges are simple antielinals, the axes being formed of the massive 
nummulitic limestone of which the highest portion of tlic Khirthar also 
consists. The Khirthar range terminates in Lower Sind some distance 
south of Sehwan ; other ridges, however, T)oth cast and west of this main 
range, extend farther to the south. East of the Indus there is an 
isolated low range of limestone lulls, on the northern extremity of which 
stands the town of Hyderabail, and there is another similar rise at Tatta. 

The hills of Baluchistan, west of Sind, are very imperfectly known ; 
for some distance from the Sind frontier they form ranges running north 
and south parallel to the Khirthar, but farther west they assume an 
east and west direction. They are principally composed of iertiary rocks, 
like the hills of Sind, but at Kolat itself, and in a few other localities, 
older formations have been discovered,^ and some ap2)arcntly extensive 
igneous rocks also occur. 

Bock formations. — Tlie rocks found in Sind,* as already noticed, 
belong chiefly to the tcrtiaiy epoch, but in one locality some cretaceous 
beds crop out from beneath the higher formations. The following is a 
list of the different groups, exclusive of the alluvium : — 



Numc. 

Sub-divisiouB. 

Approxinialo 

tbirkucHB. 

Supposed f;eulu{fical 
ajfc. 

Ilcmarks. 


( 

r UJlpfT 

. 5,000 

pliocene. 

Apparently ropresont- 

1. 

MANcnnAB * 

( 

1 lower 

. 3,000 to 5,000 

lower pliocene or 

ative of the Siwa- 
liks projHjr, 





upper m iooeue. 


2. 

Gaj 


1,000 to 1,500 

mioccne. 


3. 

Naui . . ; 

f npjKjr 

1 lower 

. 4,000 to 6,000 
. 100 to 1,500 

lotcer m iorene ? 
upper eocene. 



( 

j- upper . 

. 600 to 3,000 

eocene. 

Nummulitic lime- 

4. 

Khistuab . ^ 



stone. 

( 

lower 

. 6,000? 

eocene. 

The base not deter- 






mined. 

6. 

Rantkot , 


2,000 

lower eocene. 


6. 

Teaps . 


40 to 90 

upper crclavemis. 

Representative of Dec- 


/ 

a. Car (Vila 

) 


can and Malwa trap. 


I 

Haaumonii 

1 350 to 450 




] 

1 beds 

1 



7. 

Ceetaceotts < 

\h. Sandstones 
f. Hipimritic 

700 

cretaceous. 




i limestone 

320 . 

. 

15.160 not exposed. 


1 Cook, Trans. Med. Pliys. Soc. Bombay, 1860, VI, pp. 1,45 ; Carter, .Tonr. Bombay 
Br. R. A. S., V'l, p. 1S4. It is possible that some of the i^'iieons rocks described as oeeurriiig 
may be interstratifi(‘d and representative of tlic Deccan tra]>, as in Sind. 

2 This description is taken partly from the necounts of Sind geology given in Rec. 
G. S. 1., IX, pp. 8 — 22, XI, pp. 161 — 1V3, and partly from manuscript notes. Some details 
were given previously, Mem. G. S. I., VI, j)p. 1 — 12. The earliest description of tlic geology 
of Sind was by Vicary, Q. J. G, S., 1847, p 334. The fossils obtained by Vicary and others 
were described in Messrs, D’Arcliiac and Uaime’s great work, the “ Description des unimaux 
foBsilcs du groupe Nummuliti(j[uc de Flndc, ’’ published in 1853. 
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Of these rocks, the lower Khirthars and the Ranikot beds may be, to 
some extent, representative of each other. On the river Gaj, which 
traverses the Khirthar range in Upper Sind, a thickness of at least 
JJ5,()0() feet of strata is exposed, none of the fossiliferous beds being of 
older date than eocene ; but some of the rocks towards the base of the 
section beyond the Sind frontier correspond so well with the description 
given by Dr. Cook of strata in which he found mesozoic fossils 
{Arnmnites, &c.) in Kelat, that these bottom beds on the upper Gaj, 
which are only seen west of the British frontier, may very probably be 
of cretaceous age. There is, however, no resemblance between any of 
the lower beds on the Gaj and the cretaceous rocks of the Laki range. 

Cretaceous beds. — The only locality in Sind, in which beds of 
older date than eocene have been identified, is in a range of hills running 
due south from the neighbourhood of Sehwan, and generally knr)wn to 
Europeans as the Laki range,^ from the small town of Laki near the 
northern extremity. South-west of Amri on the Indus, a number of 
very dark-coloured hills arc seen in this range ; they contrast strongly 
with the clifPs of grey and whitish nummulitic limestones behind them. 
These dark hills consist of creinccous beds, but the lowest member of the 
scries is only exposed in a single spot, at the base of a hill known as 
Barrah, lying about 10 miles south-west of Amri. The whole range here 
consists of three parallel ridges, the outer and inner composed of tertiary 
rocks ; while the intermediate one consists of cretaceous beds, faulted to 
the eastward against the lower eocene strata and dipping under them to 
the westward. Close to the fault some whitish limestone is found, 
compact and hard ; the lower poHion pure ; the upper portion, often con- 
taining ferruginous concretions, is sandy, gritty, and forms a passage into 
the overlying sandstones. The base of this limestone is not seen ; the whole 
thickness exposed is a little over 300 feet, and the length of the outcrop 
docs not exceed half a mile. The limestone is fossiliferous, and contains 
cchinoderms and mollusca, but it is so hard and homogeneous that nothing 
that has been obtained from it can be easily recognised, except one frag- 
ment of a hippuritc. This fossil is, however, of great importance, because 
it shews that the white limestone may very probably be an eastern 
representative of the hippuritic limestone, so extensively developed in 
Persia, and found in numerous localities ^ from Tehrfin to east of 

‘ Tliis range lias no general name, different portions being known hy a number of local 
terms. It is one of the ranges wbicli combines to form the Hala range of Vicary and other 
writers, and the name is less inappropriate in this case, for there is an unimportant pass 
through the chain known os the Hala Lok. Different portions of the range are known ns 
Tiyhn, K&ra, Eri, Surjana, &c. The range is very incorrectly represented on the maps. 

^ Eusterii Persia, 11, pp. 457, 4S5. 
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Karm£u in longitude 58®, just ten degrees west of the Laki range in 
Sind. Of course the same formation may be found in the intervening 
country, the geology of which is unknown. The precise position ^of the 
Persian hippuritic limestone in the cretaceous series has not been deter- 
mined, but the Euroj)ean formation, which is very similar and probably 
identical, is of the age of the lower chalk (turonian). 

The sandstones resting on the hippuritic limestone occupy a consider- 
able tract around Barrah hill, and extend for about 3 miles from north 
to south. They are also seen at Jakhmari to the northward, and in one 
or two other places in the neighbourhood. They arc gritty and conglo- 
meratic, frecj[uently calcareous, and contain a few bands of shale, usually 
of a red colour. The prevailing colour on the weathered surfaces is dark 
brown or purple, many of the beds being highly ferruginous. On the top 
of the sandstones is a thick bed of dark-coloured impure limestone, contain- 
iiig oyster shells, and occasionally large bones, apparently of reptiles ; none, 
however, have been found sufficiently well preserved for identifacation. 

In one place a bed of basalt, about 40 feet thick, has been found inter- 
stratified in the sandstones, and it is possible that the band may exist 
elsewhere, but it has hitherto remained undetected. The position of this 
bed of basalt on the face of a hill called Bor, about 13 miles north of 
Banikot, is at an elevation of 800 or 400 feet above the base of the 
sandstones, and about twice as much beneath the main band of inter- 
bedded trap, to be described presently. 

The highest sub-division of the cretaceous formation consists of soft 
olive shales and sandstones, usually of fine texture. The sandstone beds 
arc thin, and freq^uoiitly have the appearance of containing grains of de- 
composed basalt or some similar volcanic rock, or else fine volcanic ash. A 
few hard bands occur, and occasionally, but rarely, thin layers of dark olive 
or drab impure limestone. Gypsum is of common occurrence in the shales. 

PalSBOntology.— The olive shales are highly fossiliferous, the com- 
monest fossil being Cardiia beanmonti,^ a peculiar, very globose species, 
truncated posteriorly, and most nearly allied to forms found in the lower 
and middle cretaceous beds of Europe (neocomian and gault). This 
shell is extremely abundant in one bed, about 200 to 250 feet below the 
top of the cretaceous series, but is not confined to this horizon. Naulili 
also occur, the commonest species closely resembling N, labcc/iei^ of 
Messrs. D^Archiac and Haime, but differing in the position of the 
siphunelc. This form appears undistinguishable from N. houchardianus, 
found in the upper cretaceous Arialur beds of Pondicherry, and at a lower 

» D’Archiac and Haiino, An. foss. Groupe Num., p. 253, pi. xxi, fig. 14. 

2 X. c. p. 338, pi. xxxiv, fig. 12. 
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cretaceous horizon in Europe. A second Nautilus resembles N» subjleuri^ 
ausiamis, another eocene Sind species, in form, and is also allied tg some 
cretaegous types. Several Gasteropoda occur, especially forms of RosteU 
laria, C^preoa, Natica and Turriiella^ but none are very characteristic. 
Two forms of Ostrea are common — one of them allied to the tertiary 
0, flemingi and to the cretaceous 0. zitteliana^ but distinct from both. 
The only mollusk which certainly passes into the Ranikot beds \^^CorMa 
harpa. Two echinoderms have been found — one is Vin.Epiastery an almost 
exclusively cretaceous g'cnus, only one or two tertiary species having 
been found ; the other is an aberrant form of Echinolampas, Two or three 
corals complete the list of invertebrate fossils found in the olive shales. 

In the lower part of the beds with Cardiia heanmontiy however, some 
amphicoclian vertebrae were found, which Mr. Lydekker has ascertained 
to be crocodilian. All amphiecclian crocodiles are mesozoic, and the present 
form must be one of the latest known. So far as it is possible to 
form an opinion from very fragmentary materials, the vertebra3 in 
question appears more nearly allied to the Wcaldcn Stichosaurus than to 
any oilier form hitherto described. It has, however, been already shewn, 
when writing of the Gondwana flora, that the distribution of Iteptilia 
in past ages was not the same in India as in Europe. 

The fossils of the CardUa heaumonti zone require much fuller examin- 
ation and comparison than they have hitlierto received, but sufficient has 
been ascertained to shew that they have a distinctly cretaceous character, 
and that the limit of tertiary formations must be drawn above them. 
As will be seen in tlie descrijition of the Panjab Salt Range in the next 
chapter, it is probable that this peculiar band of olive-coloured shales is 
represented by similar beds in that locality also. It has, however, not 
hitherto been recognised in Baluchistan or in the Western Panjab, south 
of the Salt Range. 

Deccan trap. — Mention has already been made of one bed of basalt 
intercalated in the sandstones above the hippuritic limestone : a much 
more important band of the same igneous rock has been traced, resting 
upon the CardUa hcaumonii beds, throughout .a distance of 22 miles from 
Ranikot to Jakhmari, about 17 miles south of Sehwan, wherever the 
base of the Ranikot gi’oup, the lowest tertiary formation, is exposed. 
The thickness of this band of trap is trifling, and varies from about 40 to 
about 90 feet. Apparently in some places the whole band consists of 
two lava flows similar in mineral character, except that the upper is 
somewhat ashy, and contains scoriaceous fragments ; the higher portion of 
each flow is amygdaloidal, and contains nodules of quartz, calcedony and 
calcite, and in places the nodules are surrounded by green earth, as is 
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SO frequently the case in the Deccan traps. Another characteristic 
accessoiy mineral, common also in the traps of the Deccan and Malwa, is 
quartz with trihedral terminations. The basaltic trap of the Laki hills is 
apparently of subaerial origin, although it rests conformably on the 
marine (or estuarine?) Cardita heatmordi beds. There is nothing in the 
igneous bed to indicate its having consolidated otherwise than in the air, 
and the structure differs altogether from that of subaqueous volcanic tuffs. 

The evidence that this band of basaltic rock is interstratified and not 
intrusive is ample ; throughout the whole distance the trap is found in 
precisely the same position between the lowest beds of the Eanikot group 
and the highest cretaceous strata, and apparently perfectly conformable to 
both. The close resemblance in mineral character and the similarity 
of geological position at the base of the tertiary beds shew that 
this band must be in all probability a thin representative of the 
great Deccan and Malwa trap formation, and the occurrence of a second 
bed at a lower horizon, interstratified with rocks of cretaceous age, tends 
strongly to confirm the inference drawn from the relations of the traps 
to cretaceous and tertiary rocks in the Narbada valley, that the great 
volcanic formation of Western India must be classed as upper cretaceous. 

Banikot group. — The name of the lowest tertiary sub-division is 
derived from a hill fortress of the Sind Amirs, situated in the Laki range 
of hills, and known as Rani-jo-kot, or Ranikot, and also as Mohan -kot, 
from the Mohan stream, which traverses the fortification. The Ranikot 
group is much more extensively developed in Sind than the underlying 
cretaceous beds, for although it is confined to Lower Sind, and alihongli 
its base is only seen in the Laki range, north of Ranikot, its upper 
strata occupy a considerable tract of count, ry, about 20 miles long 
from north to south by about 12 in bi-cadlli, north-west of Kotri, 
and another even larger exposure, about 36 miles long, occurs, extending 
from north of Jhirak (Jhirk, Jhirruk, Jerruck or Jurruk) to Tatta. In 
the Laki range, the Ranikot beds are seen for about 35 miles, but the 
outcrop is never more than 2 or 3 miles broad, and one small inlier is 
exposed to the west of Ranikot. 

All the lower portion of the Ranikot group, including by far the 
greater portion of the beds, consists of soft sandstones, shales and clays, 
often richly coloured and variegated with brown and red tints. Gypsum 
is of frequent occurrence ; some of the shales are highly carbonaceous ; 
and in one instance a bed of coal (or lignite) nearly 6 feet thick was 
found, and a considemble quantity of the mineral extracted.^ The 
quality was, however, poor, and from the quantity of iron-pyrites present, 
the coal decomposed rapidly, and was liable to spontaneous combustion 

* Mem, G. S. I., VI., p. 13. 
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when eTjposed, whilst the deposit was found to be a small patch, not 
extending* more than about 100 yards in any direction. Some of the 
more pyritous shale is used in the manufacture of alum. The only fossils 
found in the lower portion of the Banikot group, with the exception of 
a few fragments of bone, have been plants, some dicotyledonous leaves, 
hitherto not identified, being the most important. All the Banikot beds, 
except towards the top of the group, have the appearance of being of 
fresh-urater origin, and are probably fluviatile. 

A variable portion of the group, however, towards the top, consists 
of highly fossiliferous limestones, often light or dark brown in colour, 
interstratified with sandstones, shales, clays, and ferruginous bands. These 
are the low^est beds in Sind containing a distinctly tertiary marine 
fauna. Tlic brown limestones are well developed around Lynyan, east 
of Band Vero and north-west of Kotri, and throughout the area of Ranikot 
beds near Jhirak and Tatta. In this part of the country there appears to 
be a comjdcte passage upwards into the overlying nummulitic limestone 
(Khirthar); but in the Laki range, the upper marine beds of the Ranikot 
group arc poorly represented or wanting, and it is evident that they were 
removed by denudation before the deposition of the Khirthar limestone, 
for the latter is seen at Hothian Pass resting upon their denuded edges. 

The greatest thickness of the Ranikot group in the Laki range, 
where alone, as has already been explained, the base of the group is 
visible, is about 2,000 feet, but generally the amount is rather less, 
about 1,500. It must, however, be recollected that in this locality some 
of the upper marine beds are wanting, and as these marine limestones 
and their intercalated shales, sandstones, &c., are 700 or 800 feet thick, 
in places northwest of Kotri, it is evident that the original development 
of the group exceeded the 2,000 feet seen in the Laki range. 

PalsBontology. — The following arc some of the commonest or most 
important fossils of the Ranikot group. The large collections made by 
the Geological Survey have as yet only been partially examined, and 
the lists of fossils given can be considered only preliminary, * many of 
the commonest species being undescribed forms : — 

CEPHALOrOPA. 

Nautilus suhJieuHausianus. N. fo7'hesi. 

N. deluci. 

1 As in other lists in this chapter, most of the names are taken from D’Archiac and 
Ilaime's “Animaux fossiles du groupe nummulitiquo de I’lnde.” In this work, however, 
species from upper cretnceoiia, eocene and mioccne beds are described ; until the rocks of 
bind were surveyed, the distribution of the fossils was not know’n, although indications of a 
probable suh-diviaion had been pointed out by D'Archiac and Haiiine, (t. c. p. 359), and it 
had been shewn by Jenkins (Q. J. G. S., 1861, p. 65), and by Martin Duncan (ib., p. 66, 
and Ann. Mag. Nat. Hist. Ser. 3, Vol. XIII, p. 295), that some of the fossils described 
indicated the presence of miocene beds. 
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Rostellaria angisioma, 
prestwichi, 
R.fusoides, 

Terchellum distorium, 
T. plicaium. 


Gasteeopoda. 

Valuta jugosa, 

Natica longlspira. 

Nerita ( Velates) schmedeliana. 
Turritella angulata^ var. 

T. assimilis. 


Corhula harpa. 
Vulsella legumen. 
Spondglus roualti. 


Lamellibbanchiata. 

I Ostrea Jlemingu 
O. vesicularis. 


BfiACHIOPODA. 
Tcrehratula, cf. sulroftinda. 


Scliizaster, sp. 
Hemiasier dlgofius, 
lHurhodia morrisL 
Prenaster^ Bp. 
Tojcohrissus, Bp. 
CunoclgpeuSf sp. 


Echinodermata. 

Echinolampas, cf. suhsimilis. 
Temnopleurus valenciemiesi. 
Salenia, 2 sp. 

Phgmosoma, sp. 

Poroei darts, sp. (spines). 
Cidaris halaensis. 

Anthozoa. 


Trochocgatlius mndenhecheu Monllivaltia jacquemonti, 

Cgclolitcs vicargi. 


Foraminifera. 

Opcrculina canalifcra, 1 Nummulites irregularis. 

NummuUtes sqrira. | N. Icymeriei. 

In the above list the majority of fonns, such as the Foraminifera,{\\i\ 
majority of the Echinodermata aad Gasteropoda are lower tertiary, but 
still there is a very distinct admixture of species with cretaceous aflinities, 
such as the Nautili^ all of which are connected rather with cretaceous 
than with tertiary types, the Terehratala, which cannot be distinj^uished 
from one of the commonest upper mesozoic species, and forms of Sahnia, 
CgclolUcSy &c. Corhula harpa is the only form hitherto recognised that 
is also found in the upper cretaceous olive shales, but a variety of the 
same shell is also found in the Nari beds. 

Cretaceous and lower tertiary rocks of Baluchistan. — All the 
rocks described in the last few pages as occurring below the nummulitic 
limestone or Khirthar group arc found in Lower Sind, and, so far as is 
known, are confined to a tract near the right bank of the river Indus. 
Farther to the westward the series of older tertiary and upper cretaceous 
rocks has not been thoroughly examined, but the information hitherto 
obtained appears to shew that the strata below the nummulitic limestone 
are very different in character from those found in Lower Sind. In 
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Baluchistan, west of the frontier of Upper Sind, lower beds crop out 
from beneath the massive nummulitic (Khirthar) limestone, forming the 
crest of the intervening range of hills, and on the banks of the Gaj river 
which traverses the range south-west of Mchar, a series of more than 
10,000 feet of strata is exposed below the Khirthar group. The follow- 
ing is a rough section of the rocks thus exposed, the thickness being 
merely an approximation 

Feet. 


Khirthah 


Lower Khirthar 


,1. Massive nummulitic limestone, forming the crest of the 
Khirthar range .... .... 

\ 2. Shales, marls and clays, mostly dark -olive in colour, 
abounding in Nmnmuliies ...... 

/ 3. Hard grey limestone, with .... 

4. Argillaceous limestone, shales and clays, olive and bluish 
grey in colour, abounding in NummulUtis . 

^5. Unfossiliferous olive and bluisb-grey clays and nodular 
shales, no liinestoiic bands ... ... 

(i. Pale-brown sandstones in thick beds with vogotablc 
markings 

7. Fine greenish- white sandstone and shale, some of which 
is carbonaceous ........ 

8. Dark-brown limestone and dark-green argillaceous beds, 

with NummulUes .... .... 

9. Pale-grey argillaceous limestone, with but few fossils; one 
band towards the base contains NummuUtes and 


? Cbhi’ackofs 


V Alveolincii ......... 

/lO. Fine dark-coloured shales, unfossiliferous 

11. Very fine grained homogeneous thin-bedded limestones, 

white, red, grey, or oehrey in colour, unfossiliferous, 
I forming a eoiispieiious range ..... 

12. Hurd grey sbules with calcareous bands from an inch or 

^ two to u foot in thickness . . .... 

The base not exposed. 


1,200 

500 

60 

400 

1,500 

1,000 

500 

100 


200 

3,000 

1,200 

2,500 


12,160 

About tins section the first point to be observed is that none of the 
beds resemble those seen in Lower Sind sufficiently to enable any of the 
strata of the two localities to be identified with certainty. The sandstone 
No. C may correspond to the sands and clays of the Ranikot group, but 
there is no great similarity, and nothing in the above section appears to 
represent the fossiliferous brown limestones of the Ranikot group, the 
Deccan trap, the olive shales with Carclita Oeaumont% or any other of the 
cretaceous beds in the Laki hills. So far, indeed, as the section on the 
Ujipcr Gaj river is concerned, all the rocks exposed might be referred to 
the tertiary epoch and classed as lower eocene ; no marked break inter- 
venes anywhere, nor arc there any fossils below the argillaceous limestone 
with nummulites, No. 9, to shew the age of the beds. But-, as has 
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already been noticed, farther to the westward, near Khozddr, in Baluchis- 
tan, Dr, Cook discovered Ammoniles ' in some argillaceous beds, 
passing upwards into red and white limestone, and it appears probable 
from the description that the latter is identical with the fine-grained 
thin-bedded limestone, No. 11, of the preceding section, whilst the 
argillaceous beds may be the same as No. 12. 

The following section, abridged from that given by Dr. Cook,® 
shews the nature of the rocks between Kelat and Khozdar, the latter 


place lying about 70 miles north-north-west of the section on the upper 
Gai river : — 

Feet. 


Eocene 


Mesozoic 


1 


1. Compact white or reddish-white limestone containing 

NummuUteSf O-rhUolites, Orbiloides^ Alveolma, &c. 

(This is doubtless the Khirthar limestone.) Thick- 
ness unknown ; probably more than .... 1,000 

2. Limestone strata, differing in character, compact. Sub- 

crystalline, snccharoid, at times cretaceous, containing 
ItimnmuULes (AsHlmaJ, Alvcolina, and minute 
indistinct Foraminifera and passing downwards into 

coloured argillaceous strata ? 200—500 

3 More or less compart, fine grained red and white lime- 
stone interleaved with slabs of flint or chert, the upper 
part containing one or two massive strata of an excess- 
ively hard limestone, abounding in Orbitoldes, Orbito- 
Una, and OpercuUna, the lower strata becoming argil- 
laceous and shaly and containing (rarely) Ammonites . ? 2,000 

4. Dark-blue fossiliferous limestone containing strata 

yielding lend ore (galena and carbonate of lead) . ? 2,000 

5. Clay slate ^ 2,500 


It is true that the precise relations of many of these beds are far 
from clear. Tims, in the valley of Kelat, the red and white limestone 
appears to underlie strata containing OHhoeeralHes. This may, however, be 
due to faulting or inversion. It is probable that several different groups 
of beds occur near Kelat, for amongst the fossils, besides OHhoceraiUes, 
Ammonites of jurassic types, CeratUes, Crioceras, Scajihiles and Belem- 
nites occur, and whilst some of the forms arc typically cretaceous, others 
can scarcely be newer than triafisic. 

It is not impossible that the limestone hands in No. 3, containing 
OrUtoides and other Foraminifera, may belong to the tertiary series and 


* Jour. Bombay Br. R. A. S., VI, pp. 186, 188. 

2 Bombay Med. Phys. Soc. Trans, 1860, VI, p. 100. The bed numbered 2 in the section is 
calledupper cretaceous by Dr. Cook, but with a mark of doubt. This was perhaps in accordance 
with the views as to the classification of the beds beneath the immmulitic limestone formerly 
held by Dr. Carter, but subsequently modifietl by him. Soc Jour. Bombay Br. R. A. S., IV, 
pp. 93, 95, V,, p. 635, and i* Geological papers on Western India,” pp. 623, 626, 699, 700, 
footnote, &c. 
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not to the group with which they are associated. The banded fine 
grained white or red and white limestone is a conspicuous and important 
bed, and is probably widely developed in Baluchistan. It was found by 
Dr. Cook at several places south and south-west of Kelat ; it occurs, as 
already shown, on the upper Gaj river west of the Khirthar range, forming 
a range of hills known as Parh, and a rock of precisely the same mineral 
character appears 130 miles further south on the coast at a small hill 
called Gadani, about 25 miles north-west of Karachi. If, as apjxjars 
probable, this peculiarly fine limestone or calcareous shale (for the rock 
in places appears argillaceous) belong to the upper portion of the 
cretaceous series, it will serve to mark that horizon in Baluchistan and 
facilitate the recognition of the indistinct limit between mesozoic 
and tertiary. There is, however, a great appearance of passage between 
all these formations. 

Returning to the beds of the Gaj section, the gradual passage upwards 
from the shales, marls, and clays with Nnnimiolites, Nos. 2, 3, and 4< of 
the section, into the massive nummulitic limestone is worthy of notice. 
A similar passage takes place locally in Lower Sind, and it appears 
best to consider the shales and marls as the lower portion of the same group 
as the limestone. The six thousand feet of rocks remaining between 
the nummulitic shales and the banded limestones of supposed cretaceous 
age may be classed as lower Khirthar j they very possibly represent the 
Ranikot group, but, as already noticed, there is no distinct mineralogical 
or palaeontological connexion. TLo nummulites found in No. 8 in 
the middle of this lower Khirthar group comprise N. oLlusa, N. granu- 
losa, N, leymcrici, N, spira, and other species common in the Khirthar 
limestone itself. 

It is j)robable that the beds below the Khirthar limestone extend 
throughout a large tract in Baluchistan, on the west side of the Khir- 
thar range, for similar beds are seen, from the crest of the hills, cropping 
out to the westwaid as far north as Dharyaro and Kutto-jo-Kabar (the 
dog^s toinl)), the culminating point of the range due west of Larkana. 
Again, west of the Ilabb river, forming the boundary of Sind near the 
sea, the whole Khirthar formation apj)ears composed of shales, marls 
and sandstones, closely resembling in character those of the lower Khir- 
thar group west of Upper Sind, and an enormous thickness of similar 
beds is found extensively developed in Makran.^ 

Khirthar group. — Although this group, named from the great 
frontier range of bills already noticed, is, when the underlying shales 
and sandstones are excluded, inferior in total thickness to several 

* Eastern Persia, vol. ii., i>p. 460, 473. 
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other Bub-divisions of the tertiary series in Sindj it comprises by &.r 
the most conspicuous rock^ the massive nummulitic limestone. Of 
this formation all the higher ranges in Sind consist. It forms the 
crest of the Khirthar throughout^ and all the higher portions of the 
Laid range^ of the Bhit range south-west of Manchhar lake^ and of several 
smaller ridges^ and consists of a mass of limestone^ varying in thickness 
from a few hundred feet in Lower Sind to about 1,000 or 1,200 at the 
GSj river, and probably 2,000, or even 3,000, farther north. The colour 
is usually pale, either white or grey, sometimes, but less frequently, dark 
grey ; the texture varies from hard, close, and homogeneous, breaking 
with a conchoidal fracture, to soft, coarse and open. Ordinarily, the 
nummulitic limestone is tolerably compact, but not crystalline, and chiefly 
composed of Foraminiferay especially NummulUcSy whole or fragmentary ; 
corals, sea-urchins and mollusks also abound, but the two latter very 
frequently only weather out as casts. 

Throughout Northern Sind, except near Rohri, no beds are seen beneath 
the Khirthar limestone, and the rocks which crop out west of the Sind 
frontier from beneath the main limestone band have already been de- 
scribed, The remarkable range of low hills, surrounded by Indus alluvium, 
and extending for more than 40 miles south from Rohri, consists of 
nummulitic limestone having a low dip to the westward, and beneath 
the limestone forming the eastern scarp of the hills, on the edge of the 
rjluvial plain, a considerable thickness of pale-green gypseous clays is 
exposed, with a few bands of impure dark limestone and calcareous 
shale. No Foraminifera have been found in these beds, although 
Numnmlites aborird in the limestone immediately overlying ; several 
species of mollusca occur, but none are characteristic, and it is far 
from clear whether the green clays and their associates arc merely 
thick bands intercalated in the limestone, or whether they belong to a 
lower group. Probably these argillaceous beds of the Rohri hills 
represent some of the marls, shales and clays forming the lower portion 
of the upper Khirthar group on the Gaj river. 

In some places west of Kotri, a band of argillaceous and ferruginous 
rock is found close to the base of the Khirthar group. This rock 
weathers into latcrite ; it is mainly composed of brown haematite, and 
appears to be found over a considerable area i\ear Kotri and Jhirak. It 
is impossible to avoid suggesting its identity with the ferruginous 
lateritic bed found in a similar position in Guzerat, Cutch, the Salt 
range, and the Sub-Himalayan region. 

It has already been mentioned thai in the Laki range the nummul- 
itic limestone rests unconformably on the Ranikot group. The Khir- 
thar group here cannot be much more than 500 or 600 feet thick, and 
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consists entirely of limestone. To the south-east, towards Kotri and 
Tatta, there is no unconformity between the Banikot and Khirthar groups, 
but on the contrary there is an almost complete passage between the 
two, and the limestone of the latter becomes much split up and inter- 
calated with shales and sandy beds. This is even more the case further 
to the south-east in Cutch,’ where, as was noticed on a previous page, 
the whole group consists of comparatively thin beds of limestone, in- 
terstralified with shales. To the south-west, near the Habb river, the 
massive limestone dies out altogether, and although it is well developed 
in the southernmost extremity of the Khirthar range near Karchat, 
about 50 miles south of Sehwan, it disappears entirely within a dis- 
tance of 1^2 or 14 miles, and in the ranges on the Habb river is 
entirely replaced by shaly limestones, shales, and thick beds of sandstone. 
Some rather massive beds of nummulitiferous dark-grey limestone, 
very different in character from the pale-coloured Khirthar limestone, 
are found west of the Habb, but their precise position in the series is 
not known, and the rocks appearing from beneath the Nari group, in 
the place of the Khirthar limestone, consist of shales and sandstones, 
with some calcareous bands abounding in nummulites, and closely 
resembling, both in character and in the species of Foraminifera they 
contain, the nummulitic shales beneath the massive limestone on the 
Gaj river. It is not known to what extent the typical Khirthar 
limestone is developed in Baluchistan j around Kelat, to the northward, 
this band ajipcars to be extensively exposed, but to the westward, near 
G wddar, the rocks supposed to represent the older tertiary beds consist 
of an immense thickness of shales, shaly sandstones, and unfossiliferous 
calcareous bands, resembling the lower Khirthars of the Gaj, and the beds 
of the Habb valley, and limestones with nummulites are of unfrequent 
and local occurrence. It is thus evident that the Khirthar limestone, 
although it is so conspicuous in most parts of Sind, and although it attains 
a considerable thickness, is not by any means universally distributed. 

Palaeontology. — The most characteristic fossils* of the Khirthar 
group are Nu7mmlites and Alveolina ; neither the genera, nor, as a rule. 


> See antct p. 345. 

2 The following foss'ls from the eocene formations of Western 
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India are figured on plate 


Fig. 


>« 


1. Voluta jugosa. 

2. Nerita schmedeliana, 2n. cast 

of the same, half natural size. 

3. Pecten lahadgei. 

4. Vulsella legumen, 

5. EcMnolampas drscoidcus, ^ size. 

6. EurJiodia morrisi, 

7. OrhUoidcs papgracea. 


8. Orhitoides dispansa. 

9. Alveolina spl^eroidea, 

10, Nummulites garansensis. 

11, N suhlcBvigata, 

12, N, ramondi. 

13, N, ohtusa, 

14, N. granulosa t 
„ lo, N, legmerici- 
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the species are peculiar^ but the extraordinary abundance of individuals 
renders it usually easy to recognise even small fragments of the rock 
by the organisms preserved in it. The following is a list of the 
commonest or most important fossils - 

GASTEBOFODi.. 

Ovulum murchisonij and other species, j Nerita schmedeliana, PI. XV,, fig, 2, 2a, 
Cerithium cf. giganteum, 

LAMELLIllBANCniATA. 

Astarte hyderahadensis, 

Crasmtella sindensis. 

C, halaensis, 

Vxdsella legumen, PI XV , fig. 4. 
Ostrea vesicularis^ var. (O. globosa. 
Sow.) 

Echinodermata. 

: AmldypyguSy sp. 

Conoclypeus pulvinatus. 

Eurhodia calderi, 

. Eehinolampas discoidcus, PI. XV, fig, 6. 
I E, sindcnsis, 

Fobaminifeba. 

Orhitolites complanata. | Niimxnulites ramondij PI. XV, fig. 12. 

Orbiioides dispansa, PL XV, fig. 8. i N. hiaritzvnsis. 

Patellina cooJci. N. heaumonti. 

Alveolma ovoidea, N. vicaryi, 

A. spheroidea, PL XV, fig. 9 . N, gi'amilosa, PI. XV, fig. 14. 

Nummulitcs ohtusa, PI. XV, fig. 13. N, leymericiy PL XV, fig. 15. 

Many of the species named, and the foraminifera especially, are 
characteristically eocene, and there can be no question that the num- 
mulitic limestone of India is a continuation of the same formation in 
Europe. Several species pass from the Ranikot beds into the Khirthar 
group ; indeed, the principal palaeontological differences between the two 
may be due to a change in conditions, the Khirthar being apparently a 
deeper water deposit than the Ranikot group. 

Nari group. — The series of tertiary rocks above the Khirthar 
nummulitic limestone is superbly developed and very well seen in the 
hills on the frontier of Upper Sind, the culminating ridge of which 
is known as the Khirthar. The names of the tertiary groups over- 


JBrissopfiis scu t i/brm is. 
B. sowevhyi ? 
Schizaster, ep. 
Eupatagus avellana. 
Fih^lariay sp. 


Pholadomya halaensis. 
Corhula suhexavata, 
Cardita mutahilis, 

C. suhcomplanata, 
Lucina gigantea. 
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lying the numraulitic formation have consequently been derived from 
places in this rangc^ and the Nari gi’oui) takes its title from a stream 
which traverses the lower portions of the range, composed almost 
entirely of Nari beds, for a considerable distance, and issues from the 
hills nearly west of Johi, and west by north of Sehwan. The present 
sub-division comprises at the base the uppermost bands of limestone coH’- 
NummiilUes ; the species, however (iV^. ^aransensis , VI, XY, fig. li), 
and N. mhlmvUjata^ ib., fig. 11), being distinct from those so commonly 
found in the Khirthar sub-division, and the limestone itself being 
usually distinguished from that of the Khirthar group by its yellowish- 
brown colour, and by being in comparatively thin bands interstratified 
with shales and sandstones. Several other fossils, too, besides the 
nummulites, differ from those in the Khirthar beds. Not unfrequently, 
however, there is an apparent passage from the white or greyish-white 
Khirthar limestone into the yellow or brown Nari rock, and the two 
groups appear always to be perfectly conformable, but no intermixture 
of the characteristic species of nummulites has been detected, and the 
division between the Khirthar and Nari beds can always be recognised 
by the fossil evidence. 

In some places the lower Nari beds consist almost entirely of brown 
and yellow limestones, but more frequently the limestone bands arc 
subordinate; dark shales, and brown rather thinly-bedded sandstone 
forming the mass of the rocks. The limestone bands are often confined 
to the base of the group, and always diminish in abundance and thickness 
above, although they are occasionally found as much as 1,500 feet 
above the top of the Khirthar. The shales and fine sandstones, with 
occasional bands of limestone, constitute the lower Naris, and pass gra- 
dually into the coarser, massive, thick-bedded sandstones forming the 
greater portion of the group, and attaining a thickness of 4,000 or 
5,000 feet on the flanks of the Khirthar range. With the sandstones 
a few bands of clay, shale, or ironstone, are interstratified, and bands of 
conglomerate occasionally occur. The Nari beds in their typical form 
extend throughout the eastern flank of the Khirthar range, and occupy 
a belt of varying width, from one or two to as much as 10 miles in 
breadth, between the underlying Khirthar and the overlying Gaj beds. 

On the w^estern side of the Bhagotoro hills, 4 or 5 miles south of 
Sehwan, there is a break in the Nari beds, and some variegated shales, 
clays and sandstones, richly tinted in parts with brown and red, and 
representing the massive sandstones of the upper Nari group, rest 
iincontormably on the denuded edges of the lower Nari brown lime- 
stones and shales. The break is evidently local. To the east of the 
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Laki range the Nari beds are entirely wanting, and it appears very 
possible that they have never been deposited in this portion of the 
Indus valley. From the neighbourhood of Sehwan to Jhirak, Manchhar 
beds rest, with more or less unconformity, on the Khirthar, a very 
faint and imperfect representative of the Gaj group occasionally 
intervening. But west of the Laki range, throughout Lower Sind, 
the Nari beds are found exposed almost wherever the base of the 
Gaj group is seen ,■ they increase in thickness to the westward, and the 
Habb valley, from the spot where the river first forms the bomidary of 
British territory to the sea, consists entirely of these strata. There is, 
however, in this part of the country no longer any such |prked dis- 
tinction between the sub-divisions of the tertiary series as is found in 
the Khirthar range. The disappearance of the Khirthar limestone 
has already been mentioned, and with it the lower Nari limestones with 
Nmimuliies garansensis and N, subl/evigata also disappear, so that it is 
no longer possible to draw a distinct line between the two groups, for 
the shaly beds at the base of the Naris are undistinguish able from 
similar rocks in the Khirthars. The calcareous shales, with the cha- 
racteristic Khirthar nummulites, below, and the massive Nari sandstones 
above, arc still recognisable, and the two groups can consequently 
still be traced, although the dividing line between them is obscured. 
Beds of brown limestone, too, full of Orbitoides papgracea (or 0, 
fortisi, PL XV, fig. 7), a fossil closely resembling a nummulite, and 
associated in abundance with N, garansensis in the tjq)ical lower Nari 
limestones, occur in the Nari beds of the Habb valley ; but instead of 
being found at the base they appear in the middle of the group. Again, 
just as at the base of the Naris, there is a difficulty in distinguishing 
them from the Khirthar, so the beds at the top of the former group can 
only be separated by an arbitrary line from the overlying Gaj beds. In 
the Khirthar range the upper boundary of the Nari group, although 
there is no unconformity, is distinct and definite, limestones with marine 
fossils of the Gaj group resting immediately upon the upper Nari sand- 
stones. But in Southern Sind bands of limestones, or calcareous sand- 
stone, with marine fossils, some of which are well-marked Gaj species, 
occur in the upper part of the Nari group, whilst limestone bands with 
the Nari OrbUoules papgracea arc found in the Gaj. 

PalSBOntolOgy. — The sandstones, which form so large a portion of 
the Nari group, have hitherto proved destitute of animal remains, and in 
the typical area in Upper Sind, no beds with marine fossils are intercalated 
in the upper portion of the group, but the occasional interstratifications 
of shales and clays often contain fragments of plants, and some ill-marked 
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impressions, probably due to fucoids, have been found in the sandstones 
themselves. There api)ears a probability that these sandstones may be of 
fluviatile and not of marine origin. 

In the limestones towards the base of the Nari group, many marine 
fossils have been obtained, the following being some of the more 
imj^ortant : — 

Gastekopoda. 


Terehellum ohiusum, 

Cypreea nasuta. 

Valuta j If yosa, PI. XV, fig. 1 . 
F. denU^. 

Triton mkidaoni. 


Natica patula, 

N. aigaretina. 
Siliquaria granti. 
SolaHum affine. 
Trochus cumulans. 
Thasianella oweni. 


LaMELLTBE A NCHT A TA . 

Corhnla harpa. | Pccten lahadyei, PI. XV, fig. 3 . 

Venus gr anas a, Vl.XVl, fig. 7 . j Ostrea flahellula. 

Cardium triforme. J 


EcHINOnEEMATA. 


ScMzaster hcloutchi&tanensis. 
JUupatagus rostraius. 
Echinolampas, sp. 

Trochocyathas huniesi. 


Clypeaster profundus 
Cctlopleurus forhesi. 
Cidaris verncmlli. 

Anthozoa. 

I M-ontlivaltia vignei. 


Foraminifeea. 

Nummulites garansensis, PL XV, fig 10,1 Orhitoidcs papyracea^ PI. XV, fig. 7 . 

N. suhlmvigatUy PI. XV, fig. 11 . I 

Although some species pass from the Khirthar, and even from the 
Ranikot group into the Nari beds, the fauna is chiefly distinct and 
marks a higher horizon. The most marked change is perhaps in the 
because are so abundant and characteristic ; whole 
beds of limestone towards the base of the Nari group being entirely 
made up of Nummulites garansensis, N. mhlmvigata and Orhitoides papg- 
racea, the last named frequently of large size, some specimens being 
two to three inches in diameter ; yet every species is distinct from those 
occurring in the Khirthar group. One of these species of Nummulites^ 
N. garansensis, is of importance, because it occurs in Europe, as in Sind, 
in the highest strata characterised by the abundance of the genus, those 
beds being at the base of the miocene. Nummulites sublavigata is peculiar, 
so far as is known, to India. 

Several of the Mollusca and EcJiinodermata of the Nari beds also, 
such as Siliqnaria graniiy Solarium affine, Venus gramsa, and Clgpeasier 



Extra-Peninsular. ] 


GAJ GROUP. 


463 


pvofundus, shew distinctly miocene aflBnities, and some of these pass up 
into the G^ij group. But at the same time there are so many eocene 
forms present^ such as Natica painla^ N, si^areCma, Osfrea flahellula, 
V olula jugosa, &c., that it is somewhat difficult to decide to which sub- 
division the Nari beds should he assigned. They may, perhaps, occupy 
an intermediate position, similar to that of the oligocene of continental 
geologists. 

Gaj group. — Upon the Nari group, almost throughout Sind, there 
is found resting a mass of highly fossilifcrous limestones and calcareous 
beds, usually more or less shaly, always distinctly stratified, and easily 
distinguished from the limestones of the older tertiary formations by the 
absence of nummulites. A superb section of the strata forming this 
group is exposed on the banks of the Gaj river, the only stream which 
cuts its way through the Khirthar range, and in the neighbourhood of 
which, west of the range, the fine section of lower tertiary and cretaceous 
beds already noticed is exposed. From this river the present group 
derives its name. 

On the eastern flanks of the Khirthar range in Upper Sind, the Gaj 
group forms a conspicuous ridge, the hard dark-brown limestone bands 
near the base of the formation resisting the action of denudation far 
more than the soft sandstones of the Nari beds, and rising every here and 
there into peaks of 1,000 and 1,500 feet, or even more, escarped to the 
westward, and sloping to the cast ; Amru, the highest summit of the Gaj 
ridge, being 2,700 feet above the sea. Still, the limestone bands, although 
so conspicuous, are subordinate, the greater part of the group consisting 
of sand 3 ^ shales, clays with gypsum, and, towards the base, sandstones. 
Many of the bands of limestone appear very constant in position, and 
may be traced for a long distance ; as a rule, they are dark-brown in colour, 
but one bed is white and abounds in corals and small Foraminifera 
{Orhitoides) y whilst some of the darker bands contain Echinodcfmaia in 
large quantities. 

The uppermost portion of the group is usually argillaceous, being 
chiefly composed of red and olive clays with white gypsum, and these 
beds pass gradually into precisely similar strata belonging to the over- 
lying Manchhar group. The passage beds contain, amongst other fossils 
such as Turritella angidaiay PI. XVI, fig. 2, and forms of Oslrea and 
Placttnay the following 

Corhula trigonalis, PI. XVI, fig. 8. , I Tellina suhdonacialis. 

Lucina (Diplodonia) incerta, 1 Area larkanensist PI. XVI, fig. 6. 

All of these have allies living in estuaries at the present day ; Area 
granosaj a recent representative of A, larkanemisy being one of the 
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commonest and most typical of Indian estuarine mollusea. To these 
estuarine passage bods further reference will be made presently when 
the relations of the Manchhar to the Gdj beds are discussed. 

The Gaj bods at the Gaj river are very nearly 1^500 feet thick, but 
they a])pcar to be less developed to the northward in the Khirthar range, 
and not to be much more than half the thickness named west of 
L&rkana, where, however, they are nearly vertical, and have probably 
suffered from pressure. In Lower Sind, the Gdj group, like the Nari, 
disappears to the eastward of the Laki range, where it is either entirely 
wanting, or else represented by a thin band containing one of the charac- 
teristic fossils, Osirea DiuUicoslaia (PI. XVI, fig. 8), at the base of the 
Manchhar group. There is, however, a very large area of Gaj beds north 
and north-east of Karachi, and the appearance of the formation here is 
somewhat different from what it is in the Khirthar range, for the 
greater portion of the group consists of pale-coloured limestones, almost 
horizontal, or dipping at very low angles, and to the east of the Habb 
valley forming plateaus 400 or 500 feet high bounded by steep scarps, 
which rise from the low ground of the soft Nari sandstones. A low 
range of hills, formed of Gaj beds, extends to the south-west, past the hot 
spring at Magar or Mangah Pir, to the end of the promontory known as 
Cape Monze, west of Karachi, and the same beds form the low hills east 
and north-east of the town, and furnish the materials of which the 
houses in Kardchi are mostly built. A small island called Churna, in 
the sea, west of Cape Monze, also consist of Gaj rocks. To the north- 
ward the Gaj area of lower Sind extends with very irrt'gular outline to 
the neighbourhood of Tong and Karchat, almost due west of Hala, and 
there are several outliers farther north, connnccting the southern portion 
of the group with the typical outcrop in the Khirthar range. East of 
Karachi, also, Gaj beds extend in the direction of Tatta, until they dis- 
appear with the other tertiary rocks beneath the alluvium of the Indus. 
As was shewn in a previous chapter, the Gaj group of Sind appears to 
be represented in Cutch by a highly fossiliferous belt, containing most 
of the typical mollusea, cchinodcrms, &c. It is quite possible that the 
present group, as well as the Nari, never was deposited in the neighbour- 
hood of Kotri and Jhirak. 

It has been already stated that the Gaj beds, throughout the greater 
portion of the Khirthar range, rest conformably upon the Nari group, 
although there is a change in mineral character, and that, in lower Sind, 
the ])assage from one group into the other is gradual, calcareous bands 
with Gaj fossils, such as Ostrea multicostata and Pecten suheorneuSi being 
found interstratified with the uppermost Nari sandstones. At one place 
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however, near Tandra Rahim Kh^n, west by north of Sehwan, the 
outcrop of the Gaj beds, here dipping at a high angle to the westward, 
runs nearly in a straight line across the mouth of a valley, composed of 
a deep synclinal of the Nari group between two anticlinal ridges of 
Khirthar limestone. As the Gaj beds do not share the synclinal curve 
of the Naris, it is difficult to see how the two can be conformable ; but 
an examination of the boundary between the two groups failed to shew 
any clear evidence of unconformity. There are, however, some places 
south of Sehwan where the Gdj group overlaps the Nari beds and rests 
upon the Khirthar limestone, but it must be recollected that the 
G(ij group is itself overlapped by Manchhar beds in the immediate 
neighbourhood. 

Palsoontology, — ^The following » is of course a very imperfect list of 
the animal remains found in this richly fossiliferous group, only the 
more important or common forms being noticed : — 

Ceustacba. 

Pal(eocarpilius ru(fifei\- I Balanus suhlavis, 

TjunlohnSy sj). I 

Gasterupoda. 

Buccinum cautlepi. | Vicarya vmmeuilUt PI. XVI, fig. 1. 

B. vicaryL j Turritella anyulaiiiy PI. XVI, lig. 3. 


IjAMKLLTBRAKCniATA. 


Kuphus rectus {Serpula revta, Sow.). 
Corhula trigonaliSf PL XVI, %s. 8,8«. 
Venus granosa, PI. XVI, %. 7. 

V. cancellaia. 

Tapes suhvirgata, 

Cardium anomale, 

Astarte hyderahadensis. 

Bosinia pseudoargus. 

Area kurracliecnsis, PL XVI, figs. 5, 5rt. 


Arm peethensis, 

A. larkJiauensiSf PL XVI, fig. 0. 
Pectunculus pecten, 

Pect€7i subcorneus, 

P, houei. 

P.favrei, PL XVI, fig. 4. 

Spondylus tellavignesi. 

Ostrea multicostata. Posh., PI. XVI, 
figs. 3, 3(7. 


EcniNODSRMATA. 


Schizaster, sp. 

Mat'etia cf. planulata. 

Meoma, sp. 

B^wynia carinata, PL XVI, fig. 9. 
Echinolampas jacquemonti. 


Echinolampas sph eroida I is. 
Echinodisens, sp., PI. XVI, lig. U). 
Clypeaster profundus, 
a depressus, PL XVI, fig. II. 
Cwlopleurus forhesi. 


* The following foBsilct from the mioccne beds of Sind arc figured on Plate XVI : — 


Pig, 1. Vicarya vemeuilli. 

„ 2. Turritella angulata. 

„ 3. Ostrea multicostaia, Desh. 

„ 4. Pecten favrei, 

„ 6. Area (ParalellopipedumJ kurra- 

cheensis. 


Fig. 6. Area ('AnotnalocardiaJ larJchanensis. 

7. Venus granosUt i. 

8. Corhula trigonalis. 

9. Breynia carinata. 

10. Echinodiseus, sp. 

11. Clypeaster depressiis, i, 

2 Stoliezka : Pal. lud., Scr. VII, p. 8, Pis. IV, V. 

E 1 
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Anthozoa. 

Pachyseris murchisoni, i Cladocora hairnei, 

Hydnophora jplana and other species, j Mycedittm costatum, 

Fobaminifsea. 

Operculina canalifera. i Orbitoidet papyracea. 

The commouest and most characteristic fossils of this group are Oatrea 
mulUcosiata ^ and Breynia carimta. There cannot be any question that 
the Gaj fauna is newer than eocene; some of the species are recent 
(for instance^ JDoaima paeudoargua is identical with the recent B, exm* 
perata, Chemn.), and it is probable that many others, when they are 
compared with recent forms more carefully than has hitherto been done, 
will prove to be the same as living species. Several genera, too, as Maretiaj 
BreyniUy Meoma^ Echinodiacua, Cladocora^ and Mycedinm^ are rare or un- 
known in the older tertiaries, and there is almost a complete disappearance of 
eocene forms, very few species being common to the Nari beds even. The 
chief doubt is whether the Gaj should not be considered as upper miocenc. 

The only mammal yet obtained from the Gaj beds is Rhinoceroa 
aivalenau — a species found also in the Siwaliks. 

Manchhar group.— The highest sub-division of the Sind tertiary 
series has been named from a large lake, the Manchhar, a few miles west 
of Sehwan. The group doubtless represents generally the far better 
known Siwaliks of Northern India, and it is probable that the upper and 
lower limits of the two may be the same, but the fossiliferous bands are 
at different horizons. 

The Manchhar group of Sind consists of clays, sandstones, and 
conglomerates, and attains in places a thickness of but little, if at all, less 
than 10,000 feet on the flanks of the Khirthar range. Although it is 
diflSeult to draw an absolute line between the sub-divisions, the whole 
group may be divided, wherever it is well exposed, into two portions ; the 
lower consisting mainly of a characteristic grey sandstone, rather soft, 
pioderately fine grained, and composed of quartz, with some felspar 
and hornblende, together with red sandstones, conglomeratic beds, and, 
towards the base, red, brown, and grey clays ; the latter, however, being 
much less largely developed than in the upper sub-division. The conglo- 
meratic beds chiefly contain nodules of clay and of soft sandstone, 
apparently derived from beds precisely similar to those of the Manchhars 
themselves; so far as has been observed, these conglomerates do not 
contain fragments derived from the older tertiary rocks, no pebbles either 

* It is not quite certain wliotlior this species is identical with the European form, but 
it is certainly the shell figured by Messrs. D^Archinc and Ilaime, There is another species 
known by the same name and found in triassic beds in Europe, 
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of the characteristic 04j limestones or of the still more easily recognised 
nummulitic limestone of the Khirthars having been noticed in the beds 
of the lower Manchhars, although both abound in the upper strata of 
the group. These conglomeratic beds of the lower Manchhars are 
frequently ossiferous, the bones and teeth contained in them being, 
however, usually isolated and fragmentary. 

The upper Manchhar sub-division, where it is best seen, on the flanks 
of the Khirthar range, west of L^rkdna, is thicker than the lower, and 
consists principally, towards the base, of a great thickness of orange or 
brown clays, with subordinate bands of sandstone and conglomerate. 
The sandstones are usually light-brown, but occasionally grey, like the 
characteristic beds of the lower sub-division. The higher portion of this 
upper sub-group contains more sandstone and conglomerate, and the 
whole is capped by a thick band of massive coarse conglomerate, which 
throughout Upper Sind forms a conspicuous ridge along tlie edge of the 
Indus alluvium. This conglomerate contains numerous large pebbles 
of nummulitic and Gaj limestone, together with fragments of quartzite 
and other rocks of unknown origin. Throughout the conglomeratic 
beds of the upper Manchhars, pebbles of nummulitic limestone and of 
the brown Gaj limestone occur, shewing that these older tertiary beds 
must have been upheaved and denuded in the later Manchhar period, 
although there is a complete passage between the Gdj beds and the lower 
Manchhars. 

There appears, however, good reason for supposing that some disturb-* 
ance of the older rocks took place before the deposition of the loWer 
portion of the Manchhar group. To the east of the Laki range the 
Manchhar beds, themselves disturbed, rest unconformably on the Khirthar 
group, the beds of which are vertical in many places, so that it is manifest 
that the Khirthars had in this locality been upheaved before the deposition 
of the Manchhars. The presence in this locality of the lower portion of 
the latter group appears to be proved by the occurrence of teeth and 
bones of the same mammals as are found in the lower Manchhars 
elsewhere. 

It is evidently far from improbable that the Manchhar group of Sind 
should be sub-divided into two distinct groups, the upper being perhaps 
the equivalent of the typical Siwaliks, Only a few fragments of bones, 
too imperfect for determination, have, however, hitherto been found in the 
upper Manchhars, so that no clue to the age of the sub-division is afPorded 
by fossil remains. There is also a possibility that the coarse conglomerate 
capping the whole tertiary series should be classed apart from the under- 
lying beds, although it appears to pass into them. The only reason for 
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distinguishing the upper conglomerate, apart from its gi*eat coarseness 
and thickness, is that it, and it alone, exhibits some slight connection in 
its development with the existing features of the countiy ; at least the 
conglomeratic band appears to be much thicker at the spot where it is 
traversed by the Gaj river than it is to the northward or to the south- 
ward, and this increase in thickness may be due to an accumulation of 
pebbles brought down by a stream which occupied in upper Manchhar 
times the same position as the Gaj now does. A similar increase in the 
development of conglomerate near the course of the present rivers will 
be noticed in a subsequent chai>ter in the case of the Sub- Himalayan 
Siwraliks. It is, however, manifest that a great pari of the disturbance 
which has caused the elevation of the Khirthar range is of later date 
than the Manchhar conglomerate, because that conglomerate has been 
tilted up at high angles, and appears to dip conformably with the older 
tertiary rocks. Nevertheless it is true that, as has been shewn in the 
last paragraph, there must have been some change of level before the 
Manchham were deposited, and it is also true that there is in places an 
apparent passage from the upper Manchhar conglomerate into the 
gravels of the slope, on the edge of the alluvium, but the latter may 
simply be due to the rcconsolidation of pebbles derived from the con- 
glomerate itself ; and if the amount of disturbance in the interval between 
the upper and lower Manchhar periods was considerable, the evidence of 
such a break should be more conspicuous than it is. On the whole, it 
* appears evident that the great period of disturbance which terminated 
the tertiary epoch in Sind commenced during the deposition of the 
Manchhar beds, or probably even earlier, but that far greater changes 
i-ook place after the highest Manchhar strata had been deposited than 
during the period of their deposition. 

In one case a few estuarine fossils were found, near the Nari stream, 
in a Manchhar bed 300 or 400 iect above the base of the group. The 
only form recognised was Corbula trigomlis, already mentioned as 
cliaracteristic of the estuarine passage beds between Gaj and Manchhar. 
AVith this exception, and that of some rolled oyster-shells possibly derived 
from a lower formation, no marine or estuarine fossils have been observed 
in the Manchhar beds of lTp{)er Sind, above the passage l)eds at the base 
of the group, and there apjXJars every reason to believe that the grou[) 
is of fluviatile origin. The form of the pebbles in the conglomerate 
of the upper Manchhars is that of stream -worn, and not that of sca- 
worn fragments ; they approach an oblate rather than a prolate spheroid. 
Still the amount of rounding is such as could ojil v have been produced 
by a rapid stream. 
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In Lower Siiid^ however, there is a very considerable intercalation of 
marine or estuarine beds with the Manehhars, and this evidence of 
deposition in salt water increases in the neighbourhood of the present 
coast. Around Karachi, beds of oysters, and sometimes of other marine 
or estuarine shells, arc found not unfrequently interstratified with the 
Manchhar group. There is also some change in mineral character, the 
sandstones becoming more argillaceous and being associated in places with 
jKilegrey sandy clays and shales. The passage into the Gaj beds is very 
gradual, calcareous bands with Gaj fossils, such as Oslrea nmUicostaia 
and Pecten suhcornensy being found some distance above the base of the 
Manchhar group. 

Although, on account of the change in mineral character, there 
is, except in the neighbourhood of the coast, no difficulty in drawing a 
line between Manchhar and Gdj beds, everything tends to shew that 
there is no break in time between the two, the lower ])ortion of the uj)per 
group being an estuarine or fluviatile continuation of the underlying 
marine beds. But the great thickness of the Manchhar group in Upper 
Sind alone would suffice to prove that a considerable period of time must 
have elapsed during the deposition of this formation, and it is far from 
improbable that the lower Manehhars may be upper mioceiie, whilst 
the upper Manehhars are pliocene. 

The Manchhar beds extend along the edge of the alluvium, and 
form a broad fringe to the Khirthar range, throughout llj)pcr Sind, from 
west of Shikarpur to the Manchhar Lake, but ihe breadth of the ouicro]) 
varies greatly, being as much as 14 miles whei*e broadest west of 
Larkana, and diminishing both to the north and south. As already 
noticed, the Manehhars are thickest just where their outcrop is widest., 
but the breadth of the area occupied by them is not due simjdy to their 
vertical development, but chiefly to their forming a synclinal and anti- 
clinal roll before disappearing beneath the alluvial plain ; whereas in other 
parts of the range the same beds are exposed in a simple section, all the 
strata dipping to the westward. To the north the section is complicated 
by faults, but to the south the thickness of the Manchhar group dim- 
inishes greatly, and west of Sehwan, near Tandra Ilahim Khan, although 
both upper and lower sub-divisions of the grouj) are developed, and the 
uppermost conglomerate is exposed, the whole thickness of the Manchhar 
strata cannot be much more than about 3,000 feet. The Manchhar beds 
are seen west, south, and east of the Manchhar Lake ; they are well 
developed, and occupy a large plain to the east of the Laki range, and 
west of the nummulitic limestone tract near Kotri and Jhirak ; they 
reappear in many places in the different synclinal valleys to the west of 
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the Laki range, and they occupy a considerable tract of countiy east 
and north-east of Karachi. But throughout these areas in Lower 
Sind the rocks are not nearly so well seen as to the northward, the soft 
sandstones and clays of the Manchhar group having been denuded into 
undulating plains, covered and concealed in general by the pebbles and 
sands derived from the neighbouring hills, formed of the comparatively 
hard older tertiary rocks, and it is far more difficult than it is in Upper 
Sind to distinguish the different portions of the group, or to form a 
correct idea of the thickness of strata exposed. 

Relations to Makran group, — Tlie Manchhar beds extend along 
the edge of the sea, west of Karachi, almost to the end of Cape Monze, 
but no representative of this formation is seen for a considerable distance 
to the westward of the Cape. The few exposures of rocks seen near 
the shores of Sonmiani Bay are older tertiary, or perhaps cretaceous, and 
the greater part of the country consists of alluvium; a low cliff near the 
coast, north of Gadani, being composed apparently of sub-recent deposits. 
But west of Sonmiani Bay, in the neighbourhood of Hinglaj, a well- 
known place of Hindu pilgrimage, there are high hills of hard greyish 
white marls or clays, usually sandy, often highly calcareous, and occasion- 
ally intersected by veins of gypsum. With this clay or marl, bands of 
shaly limestone, dark calcareous grit and sandstone are interstratified, but 
they usually form but a small portion of the mass, although their greater 
hardness renders them conspicuous. This marl formation extends for 
many hundreds of miles along the coast, and is well seen at Eas Mahin, 
Orm^a, Pasni, Gwiidar, near J^shk at the entrance of the Persian 
Gulf, and on the Persian shores of the gulf itself. The headlands of 
Eds Malan, Ormdra, and Gwfidar consist of great horizontal plateaus, 
surrounded by cliffs of whitish marl or clay, and capped by dark- 
coloured calcareous grit, Eas MaWn especially being a table-land rising 
abruptly to a height of 2,000 feet from the sea. These remarkable rocks 
have been called the Makran group ^ from the name usually applied to 
the littoral tracts of Baluchistan. 

The Makran group is of jmrely marine origin, and abounds in mol- 
lusca, echinoderms, &c., most of the species apparently being the same as 
those found in the neighbouring seas at present. The collections made 
at Gw&dar, J^shk, and other places have not been sufficiently compared 
to ascertain whether any are common to the Gij beds of Sind, but by 
far the greater portion are distinct ; none of the characteristic Gaj fossils, 
such as Ostrea multicostata^ Breynia carinata, Echinolampas jacgtie^ 
monii, &c., have been noticed in the Makran group, and the latter 
* Rec. Q. S. I., V, p. 43; Eastern Persia, II, p. 462. 
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appears to be of later age than the miocene Gaj beds. Although 
there is no resemblance between the typical Manchhar beds and the cha- 
racteristic rocks of the Makrdn group, nor, from the widely different con- 
ditions under which the two formations must have been deposited, would 
any similarity in mineral character be probable, some of the soft argil- 
laceous shaly sands in the Manchhar beds near Karachi closely resemble 
some similar beds in the MakrAn group near Gwadar. As the coast of 
Baluchistan has never been examined geologically, all that is known 
of its structure having been ascertained by brief visits to a few points 
separated from each other by intervals of from 50 to 1 00 miles, it is 
uncertain to what extent the rocks of Sind extend to the westward, 
and whether any representatives of the G^j group, especially, exist 
in that direction, but there appears a considerable amount of proba- 
bility that the marine Makran group in Baluchistan may represent the 
fresh- water Manchhars and Siwaliks on the edge of the Indo-Gangetic 
plain. 

PaJsBOntology of Manchhar group. — The only fossil remains of 
any importance hitherto detected in the Manchhar group are bones of 
mammalia, and all that have been recognised belong to the lower Man- 
chhars, the upper sub-division of the group, as has already been mention- 
ed, having hitherto furnished only a few bones, in too poor and fragment- 
ary a state of preservation for the species, or even the genera, to be 
determined. The few estuarine shells which have been found in the 
lowest Manchhar beds in Upper Sind, and a portion at least of the marine 
fossils procured from a similar horizon near Karachi, appear to be Gaj 
forms, and to indicat e a close connection between the lower Manchhars and 
the underlying group. In places, and especially ip the neighbourhood of 
the Laki range, silicified fossil wood is found in abundance in the Manchhar 
beds, stems of large trees being of common occurrence. The majority 
are dicotyledonous, but some fragments of monocotyledons are also 
found. 

The following is a list of the species of Vertehrata^ hitherto identified 
from the lower Manchhar group : it should perhaps be repeated that the 
remains are extremely fragmentary, and chiefly consist of single teeth 
and broken portions of bones. No remains of Quadrumanay Chiropteray 
Inseciivoray Rodent ia^ or Cetacea have hitherto been found, and the fauna 
is chiefly remarkable for the prevalence of artiodactyle ungulates, allied 
to pigs, or intermediate between pigs and ruminants. 


1 Tbese have been named by Mr. Lydekker, Rec. Q. S. I., IX, pp. 91, 93, 106 ; X, pp. 
76, 83, 225 ; XI, pp. 64, 71, 77, 79, &c. ; Pul. Ind., ser. X, pt. 2. 
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MAMMALIA. 

Cabnivoba. 

Amphi(^on palaindictts, PL XIX, fig. 4. 

PfiOBOSCIDIA. 

Mastodon perimenus, PI. XVII, fig. 3. | Mastodon (Tnlopliodon) falconeri, 

M. latidens, PI. XVII, fig. 4. I Dinotherium p€ntepotami(e. 

Ungulata. 

TERISSOBACTYLA, 

JR li inoceros palmndicns. | A cerotherium perimense. 

* JR. sp, near JR. deccanensis. ! 

ABTIODACTYLA. 

Sus ?ii/sudricus. j * Hyopotamtis pal (Pindicus, 

* JfIcmimeryXf sp. j * Jlyotherium siitdiense. 

* Sivamerya\ 2 sp. Dorcathe^num mojits. 

Challcotherium sivahnse. ' 2?, minus. 

Anthracuthcrium silisirense. j 

Edentata. 

* Manis sindi&nsis. 

BEPTILIA. 

CrocodihtSf sp. i Ophidian sp. in dot. 

Cheloniat sp. indet. I 

Species marked with an asterisk have not been found elsewhere. The 
majority of tlie genera are extinct; Shinoceros, Sus, and Manis being the 
only living types^ and the last named has only been recognised from a 
single digital phalange, so that the generic identification is far from 
sufficient. Both jRJdnoceros and Sits existed in mioccne times, whilst 
Amphicyon, Anlhracotherium, Ilyopotamns, and Linotherium are not known 
to occur in Europe in beds of later date than mioccne. The genera 
llemimeryx and Sivavwryx are peculiar ; both ai-e allied to the Siwalik 
Merycopotamiis. 

1 he species found also in the pliocene Siwaliks are RUnoceros palmin^ 
(Ucus, Acerot/ienum penmense, Chalicothermm sivaknse, Sus hymdricus, the 
two species of Boreottierium , Mastodon ladidens, and Mastodon falconeri; 
but as the presence of these forms in the Manchhars is inferred for the most 
part from fragments, the identifications are by no means quite certain 
whUst the general faeies of the fauna, the absence of characteristic living 
fo;-ms like Squns, Bos, Antilope, Cervns, and IJlepias, and the presence 
of scvci al extinct genera not hitherto detected in the Siwaliks, shew that 
the raamraahferous beds of Sind are of older age than the typical Siwalik 
strata. It should be recollected, moreover, that the precise horizon at 
which the Siwalik forms are found is but rarely known with accuracy • 
that some of the Siwalik strata ai-c as old as the lower Manchhars, if not 
older, and that a portion at least of the older types of mammals are from 



Extra-Peninsular.] NOTES ON TERTIARY series. 


473 


beds low in the Siwalik series. None of the remarkable scries of types 
allied to the giraffes and Sivaiherium, nor of the peculiar bovine and 
antilopine forms so characteristic of the Siwalik fauna^ have as yet been 
found in Sind ; the only ruminant detected in the Manchhar beds is the 
miocene Dorcatherium, and the place of the more specialised Vecora 
appears to have been occupied by the less specialised even-toed ungulates 
allied to the pig. While therefore it is probable that some extinct types, 
such as Anthracotherium and Hi/opotawiiSy which arc not known in 
Europe above the lower miocene, existed in India at a somewhat later 
period, together with species which survived till pliocene times, it is 
evident that the lower portion of the Manchhar group can st?arcely be con- 
sidered of later date than upper miocene. The palaeontological evidence 
is in accordance with the geological, and both shew the close connexion 
between the lower Manchhar beds and the Gaj group. 

Post-tertiary beds. — The post-tertiary formations in the Sind hills 
are not of sufficient importance to deserve a lengthened description ; gravel, 
sand and clays, brought down by torrents, occupy a large area in the 
valleys, and frequently form a slope some miles broad, extending from 
the base of each range of hills, and covering a very large portion of the 
intervening valleys. The same phenomenon is seen throughout a great 
part of Western and Central Asia, being more conspicuous on account of 
the dryness of the climate and the resulting deficiency of forest or 
dense vegetation ; independently, however, of the greater facilities for 
studying such formations which are afforded by the absence of trees and 
shrubs, the formation of extensive gravel slojies appears to be character- 
istic of climates like that of Sind, with a low rainfall, because in such tracts 
rock detritus accumulates along the bases of hills more quickly than it 
can be carried away by the streams ; the rainfall is sufficient to wash 
down the disintegrated fragments from the steeper slopes, but not to 
carry them forward where the fall is more gradual.^ 

The great plain north-east of Karachi is covered by extensive allu- 
vial deposits, chiefly of gravel and sand ; the gravels here, and in many 
of the valleys in Western Sind, being often consolidated into a hard 
conglomerate by carbonate of lime derived from the pebbles of limestone, 
which form the bulk of the detritus. Some oysters of recent species 
are found in the conglomerates near Karachi. 

Additional notes on Sind tertiary series.— Before quitting the 
subject of the Sind tertiaries, there are two or three points to which 
attention may be directed. These points are chiefly of interest with 

> For further details ns to these gravel slopes, see Q. J. G. S., 1873, p. 496 ; Eastern 
Persia, II, p, 465 ; and also Drew, Q. J. G, S., 1873, pp. 445, &c. 
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regard to the geology of more extensive areas, but the knowledge, gained 
in the last few years, of the sequence in Sind, and of the peculiarities 
of the upper mesozoic and tertiary series there exposed, together with the 
great imperfection of our acquaintance with all the neighbouring 
regions, renders it desirable that these geological features, although 
they may not be peculiar to the Sind area, should not be overlooked 
when the characters of the region arc compared with those of other 
parts of India. 

Absence of general breaks below pliocene.— The first of these 
points is the general conformity of the whole series from cretaceous 
(probably upper cretaceous) to pliocene. The lowest bed, the hip- 
puritic limestone, passes into the cretaceous sandstones, and these again 
into the olive shales with Cardiia beautnmti. The Deccan trap and 
the Rdnikot beds at the base of the eocene period follow in regular and 
conformable succession, and the break, shewn by the Khirthar lime- 
stones resting on the denuded edges of the upper Ranikot beds in the Laki 
range, is merely local, for a few miles to the south-east the two forma- 
tions pass completely into each other. At the top of the Khirthar 
limestones also, although there is a sudden and abrupt change in the 
fauna, no unconformity has been detected at the base of the Nari 
group, whilst Nari beds in many places, and especially in South-Western 
Sind, pass uninterruptedly into themiocene Gaj beds, and there is again a 
complete passage from 4he latter into the Manchhar group. In the 
middle of the Manchhar formation there may be a break proved by some 
slight indications of unconformity and by the appearance of detritus 
derived from middle and lower tertiary beds in the upper sub-division, but 
the unconformity, if any exist, is probably local. 

Great post-pliocene disturbance.— Here, however, the sequence 
ends, and, in the evidence of great disturbance having takeli place in 
Western Sind since the upper Manchhar beds were deposited, there is 
an abrupt and startling change from the phenomena exhibited on the 
other side of the Indus valley. We are in fact brought into the pre- 
sence of one of the great facts which divide with so trenchant a line 
the geology of the Indian Peninsula from that of neighbouring countries. 
The eocene nummulitic limestone, even in the middle of the Indus valley 
around Sukkur and Rohri, never dips at more than 5°, and rarely at more 
than 1° or 2° ; the tertiaries of Cutch, Kattywar and Surat pass upwards 
almost without a break into the coast alluvium ; the laterite of Western 
India, probably of tertiary age at least, lies undisturbed upon the flat 
cretaceous basalts ; and the difficulty in drawing a line between older and 
newer forms of laterite — a difficulty so frequently pointed out in the 
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fifteenth chapter of the present work— alone suffices to shew how destitute 
of violent disturbance the geological history of peninsular India has been 
in caenozoic times. It is unnecessary here to do more than refer to the 
older mesozoic and palasozoic rocks of the Indian Peninsula^ but it is a 
fact that the pliocene beds of Sind and the Himalayas are more disturbed 
than the ancient azoic Vindhyans of Bundelkhand. The uppermost 
Manchhar rocks on the edge of the alluvial Indus plain are frequently 
vertical, and rarely dip at lower angles than 30° or 40®, and it is manifest 
that the great anticlinal ridges of the Sind mountains have been mainly 
formed in post-pliocene times. 

In the few notes on the physical geography of Sind at the commence- 
ment of the present chapter, it was shewn that the ranges of hills in the 
province are simple anticlinals with paralled axes, all running nearly 
north and south. This probably proves that the action of disturbance 
has been unusually simple, and has consisted of a distinct lateral 
thrust from one direction. The change of direction to the westward 
in Baluchistan, and to the northward in the Punjab, has been noticed 
elsewhere. 

Alternation of marine and fresh- water beds. — The cretaceous 
rocks appear to have been marine, with the possible exception of the 
unfossiliferous sandstones above the hippuritic limestone, but at the 
base of the Sind tertiary rocks, in the Ranikot beds, proofs of the im- 
mediate neighbourhood of land are afforded by the presence of terrestrial 
plants. It is probable that the thin band of Deccan trap at the base 
of the Ranikot group was of subaerial origin in Sind as elsewhere, and 
that the lower Ranikot beds themselves are fluviatile. The upper portion 
of the Ranikot group, the whole of the Khirthar and the lower Nari beds 
are marine, and the nummulitic limestone may have been deposited far 
from land, whilst it is certain that a considerable portion of this lime- 
stone formation is too pure to have accumulated in a sea into which 
sediment in any quantity was poured by rivers or washed from a coast 
line. But, as has been shewn above, the Khirthar limestone in Lower Sind 
contains intercalated sandstones and shales, shewing the admixture of 
detritus derived from land, and the great limestone band itself disappears 
in the south-western part of the province near the Ilabb river. The 
thick upper Nari sandstones, and the still thicker Manchhars have, again, 
the character of fluviatile deposits, but the intervening Gaj group is 
marine and in part perhaps estuarine. 

Thus throughout the tertiary series of Sind there is evidence of frequent 
alternations of marine and terrestrial conditions, the last marine beds 
known being of miocene date. It will be shewn in subsequent chapters 
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that to the northward, on the flanks of the Himalayas, the tertiary 
marine beds tend to disappear or diminish, even the nummulitic limestone, 
the only marine formation which appears to be persistent throughout 
the greater part of the extra-peninsular area, being much less developed 
in the Sub-Himalayan ranges than it is in the neighbourhood of the 
lower Indus valley. 
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CHAPTER XX. 

EXTRA-PENINSULAIl AREA. 

THE PUNJAB HILLS WEST OP THE JIIELUM. 

Pb^sical gcoffr«])liy and genornl features — Geological data — General geological features — 
Rock -groups of Salt Range — Rock-groups of Huzani and the Northern Punjab — 
Abnormal boundary of upper tertiaries — Azoic and palffiozoic rocks of Salt Range. 
&c. — Salt marl — Purple sandstone — Silnrian ? — Magnesian sandstone — Speckled 
sandstone — Carboniferous — Mesozoic rocks of Salt Range, &c. — Ceratite beds — 
Pseudoraorphic salt crystal zone — Jurassic or variegated group — Cretaceous 
(ncocoinian) — Olive group. 

Physical geography. — Passing northward from Sind to the Pun- 
jab, the physical features of the country at first undergo little or no 
change. The South-Western Punjab near the Sind frontier consists, like 
Sind itself, of the alluvial plain of the Indus, hounded to the westward, 
for the most part beyond the limits of the province, by a range of ter- 
tiary hills, and to the eastward by a sandy desert. Farther north the 
alluvial bract expands into the great ])lain of the five rivers, the rocky 
boundary, known as the Suleman Range, continuing to the westward. 
A little beyond the thirty-second parallel of nortli latitude, however, a 
scries of curved hill ranges, of which the most imiiortant, between the 
Indus and Jhelum, is known as the Salt Range, crosses the province? 
from Shekh Rudin, a little north of Dera Ismail Khan, to Jhelum, and 
to the northward of these ranges, which cross the Indus at Kalahagh, 
a tract of more or less hilly country extends to the foot of the Hima- 
layas, and of the great mountain ranges between the Himalayas of 
Western Kashmir and the Hindu Kush.. But this tract may again he 
sub-divided into three high level plains, more or less broken up by ravines, 
and separated from each other by ranges of hills. The south-eastern plain 
extends from the Salt Range to beyond Rawalpindi, aud closely approxi- 
mates in dimensions with the basin of the river Soan, a tributary joining 
the Indus a little above Kalahagh. This plain is sometimes known as 
the Potwdr or the Rawalpindi plateau ; it extends from the Indus nearly 
to the Jhelum ; it has a superficial areji of about 7,000 square miles, and 
a general elevation of about 1,000 feet above the Indo-Gangetic plain 
to the south of the Salt Range. The surface is greatly cut up by deep 
ravines in the soft Siwalik beds, of which almost the whole area is com- 
posed. North of this southern plain there is a series of hill ranges 
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known as Margalla, Chitapahar, Cherat, &c., which have a general east 
and west (or cast by north to west by south) direction, and connect the 
Murree and Hazara with the Afridi mountains. These hill ranges 
traverse the Northern Punjab south of Attock, and repeat, though on 
a diminished scale, the remarkable curves of the Salt Range and Chichali 
or Shingarh hills. North of the Cher&t and Afridi hills is the alluvial 
plain of Peshdwar, and this again is bounded on the north by the 
hills of Swat and Yusafzai, the geology of which is unknown. 

A third plain, more to the westward, of smaller extent than either of 
the former, exists in the neighbourhood of Bannu (Bunnoo). It is close 
to the northern continuation of the Sulcman Range, and is bounded to 
the northward by ranges of hills having a general east and west direction 
in the Bahadur Khel and Waziri country in Kohat, and to the east 
and south by the trans-Indus continuation of the Salt Range, known 
under a variety of names, such as Chichali or Shingarh, Kafirkot, 
Shekh Biidm, &c., none of which, however, appear to have more than a 
local value. ^ The Bannu plain comprises about 1,500 square miles ; it is 
about 1,200 feet above the sea, and is drained by the Kurram (Koorum) 
river and its tributaries. 

For the purposes of the present work, the boundary between the 
Punjab and Himalayan areas will be understood as coinciding with 
the course of the Jhelum below the junction with the Kishenganga at 
Muza/jrabad, the whole of Hazara, .and of the hills around Murree (Mari) 
being included in the Punjab hill ranges. The circumstance that the 
valley of the Jhelum, which is also the bound.ary of Kashmir in this 
direction, closely corresponds with the important change in the main 
direction of the ranges from the east-north -cast strike prevalent in Hazara 

* No names are applied to those ranges on the innp, and almost every writer employs 
difFerent terms for them. The ranges in the Punjab arc not named by the inhabitants of the 
country, and such distinctive terms as are commonly used appear to be derived either from 
the tribes inhabiting the hills, as Waziri, Afridi, &c., from the posses through them, from 
the country around, or from some local peculiarity, as in the case of the Suit Range. 

The following are the names used by various writers for the hills forming the western 
extension of the Salt Range beyond the Indus, The portion near the river, much curved, 
but having on the whole an east and west strike for some distance, and then turning 
southwards and rumiing north and south, is known as the Chichali, Shingarh or Lowagarh 
and Surgarh. By one writer these hills are caUed Khattak. South of the break made by 
the Kurram river, there is a double range, the northern or north-western, running north-cast 
and south-west, known as the Batani or Shekh Budin ridge, whilst the parallel ridge to the 
south-east near the bank of the Indus is variously known ns Khasor, Betot, Kdlirkot, or 
Rotta Roh. Prom west of the peak of Shekh Budm another ridge runs to the north-west 
and joins the Shekh Budin range to the Sulem&n. Tliis minor ridge is known as the Pyzu 
(Peyzoo) from a pass through it. Most of the ridges named consist of tertiary rocks, but 
older formations occur in the Chich&li or Shingarh and Kafirkot ranges, and under Shekh 
Budin peak. 
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to the north-western direction of the Pir Panjal, justifies the selection of 
this line for the eastern limit of the Himalayan region. 

The plains of the Punjab, so far as they require geological notice, or 
perhaps, it should rather be said, so far as their geology is known, have 
already been described in the seventeenth chapter with the rest of the 
post-tertiary Indo-Gangetic plain. The orographical features of the hills 
to the north and west of the province are peculiar, but our knowledge of 
the geology requires many additions to be made to it before these features 
can be understood. The change in the direction of the ranges, caused by 
a similar alteration in the strike of the rocks at the Jhelum valley, has 
just been noticed, but this is only one of several similar abrupt changes 
in the Punjab hills. Commencing again on the frontier of Sind, the 
Mari and Bhugti hills, north of Jacobabad, run nearly east and west, 
whilst the Sulcman Range, from the Sind frontier to Dera Ismail Khan, 
runs nearly north and south, like the Khirthar and other mountain chains 
in Sind. The various ranges of the Northern Punjab are so much 
curved and twisted, that no general direction can be detected ; there is, 
however, in many parts of them, as in the Eastern Salt Range, and in 
the Shekh Budin hills, a tendency to parellelism with the east-north-east 
direction of the HazAra hills. The extraordinary curve of the Salt 
Range at the Indus may be considered a remarkable instance of folding 
due to compression, but the cause of so singular a change of direction 
requires further explanation. In the Punjab hills three distinct lines of 
strike may be traced : that of the Suleman Range, running nearly north 
and south ; that of the lower Hazara hills, running cast-north-east to 
west-south-west; and that of the Pir Panjal, running nearly north-west 
and south-east ; but all these chains are, in great part at least, of post- 
pliocene date, for all comprise pliocene beds, and it is difficult to see 
any reason for doubting that all are of contemporaneous origin. 

Geological data.— Our present knowledge of the various hill ranges 
varies greatly in accuracy and detail. The Salt Range and the elevated 
tract to the northward in the Rawalpindi district, known as the Potwar, 
together with some of the hills west of the Indus forming the trans- 
Indus salt region, and extending to the neighbourhood of Kohat and 
Bannu, have been examined and mapped by the Geological Survey ' ; 
portions of Haz&ra and the Murree hills have also been surveyed, but 
of the remainder of the region very little is known. Of the hills of 
the Derajat from Bannu southward scarcely any information exists. 
Some notes on the ranges near the Indus, from Kalabagh to Shekh 

^ Chiefly by Mr. Wynne ; portions of the Salt Range, of the Murree hills, and Hazara 
having also been examined by Dr. Waagen. The Salt Range is described at length by 
Mr. Wynne: Mem. G. S. I , vol. XIV; an account of Mount Tilla having previously 
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Budin, have been published by Dr. Fleming.' A few observations on 
the geology of the Shekh Budfn hills and neighbouring ranges have also 
been published by Dr. Costello ^ and Dr. Verchere/ but the details in all 
these cases are extremely meagre and imperfect. The Sulemdn Range 
beyond the British frontier has been traversed west of Dera Gh^zi 
Khan by Mr. Ball/ and some notes on the Mari and Bhugti hills to 
the southward were published many years since by Captain Vicary * ; 
whilst the only information on the northern part of the range is 
comprised in some brief notes by Dr. Fleming® and Dr. Stewart.’ 

General geological features. — So far as is at present known, the 
Mari and Bhiigti hills and the Suleman Range are principally, like the 
Khirthar and other hills of Sind, composed of tertiary beds, amongst 
which nummulitic limestone and the conglomerates, sandstones and 
clays of the upper tertiaries (Manchhar or Siwalik) are the most 
conspicuous rocks. In the northern part of the Suleman hills, however, 
older formations appear, some of them metamor])hic. The Shekh 
Budm and Chichalior Shiiigarh hills, west of the Indus, are a continu- 
ation of the Salt Range, and coiitaiu to a great extent the same rocks, 
but, as already remarked, they are very imperfectly known. In the Salt 
Range there is a remarkable series of formations, from older palaeozoic 
to later tertiary, many of them fossil iferous, the oldest rocks being found 
along the southern bjisc of the range, and all the beds, despite much 
irregular disturbance, having a general northerly dip. Here the contrast 


been pnblislic'd ; Kcc. G. S. I., Ill, p. 81. The vwious descriptions by previous observers 
arc noted in Mr. Wynne’s nicnioir : of these the most important were the reports by 
Dr. Fleming- : J. A. S. B., XVII, 1848, Pt. 2, p. 600, and XXII, 1853, pp. 229, 333, 444. 
The trans-lndns salt region was described; Mem. G. S, 1., XI, pp. (105) — (330); the 
Khiirian hills, south of tlie Jlielum, llec. G. S. I., VIII, p. 4G; the neighbourhood of Mari 
(Murree) lull station, Itec. G, S. 1., VII, p. 64; and the tertiary rocks of the upper Punjab, 
Bee. G. S. 1., X, p. 107, — all by Mr. Wynne. Some details were also given; Q. J. G. S., 
1874, p. Gl ; 1878, p. 347 ; imd Bee. G. 8. I., Ill, p. 73 ; VI, p. 59. The geology of Mount 
Sirban, close to Abboitabad in Hazara, wivs described by Dr. Waagcii and Mr. Wjmnc ; 
Mem. G. S. I., IX, pp. (333)— (350) ; whilst Dr. Wnagen separately gave -an account of a 
Bcetioii near Murrcc; Hec, G. S. I„ V, p. 16 ; and of forms of Ammonites, Ceratites, and 
Ooniafifes from carboniferous rocks : Mem. G. S. 1., p. (351). The fossil collections made 
by Dr. Flcmitig and Mr. Purdon in the Salt Bangc were deseribed by Mr. Davidson : 
Q. J. G. S., 1862, p. 25; and Prof, dc Koniiick : Q. J. G. S., 18G3, p. 1. The only other 
important contribution to the geology of the Punjab is by Dr. Vercbere : J. A. S. H., 
XXXV, Pt. 2, pp. 89. 159 ; XXXVl, Pt. 2, pp. 9, &c. 

'Pbe present and tlie following chapter arc chiefly compiled from data furnished by 
Mr. Wynne’s papers, c.\eept where the contrary is stated. 


> J. A. S. B.. XXII, 1853, pp. 259, 261, 
268, &c. 

J. A. S. B., XXXIIl, p 378. 

J. A. S. B., XXXIV. Pt. 2, p. 42 ; and 
map, J. A. S. B., XXXVl, Pt. 2. 


^ Bee. G. S. I., VII, p. 145. 

* Q. J. G. S., 1846, p. 260; Gcol. Papers on 
Western India, p. 521. 

« Q. J. G. S., 1853, p. 346. 

’ J. A. S. B., XXIX, p. 314. 



Extra-Peninsular.] ROCK-GROUPS of salt range. 


481 


so frequently noticed between the peninsular and extra-peninsular areas 
of India is very strongly marked ; although the Korana hills, ^ apparently 
composed of the Arvali transition beds, are but 40 miles distant to the 
south-east, not a single formation, out of the ten pre-tertiary groups 
distinguished by Mr. Wynne amongst the rocks of the range, has hitherto 
been clearly identified with any formation in the peninsular area, and the 
Salt llange tertiary beds arc only represented, as already noticed, in 
Wesiern India. At the same time the peninsular formations contrast 
much more strongly with the marine pala)ozoic and mcsozoic strata of the 
Western Salt llange than with the unfossiliferous sandstones in the eastern 
part of the hills, and there is not only a gradual passage in the range itself 
from west to east, from a distinctly marine facies to one more nearly 
resembling that of the Vindhyan and Gondwaiia series of the peninsula, 
but there is still a possi])ility that some of the peninsular formations may 
be identified with those of the Eastern Salt llange. All that can b(5 said 
is that no such identilication has hithei*to been made. Dr. Wiuigen 
suggests 2 that the Salt Range marks the passage from the extra- 
|KMiinsular to the peninsular type of rocks, and tlicse hills may conse- 
quently be on the margin of* the ancient land area, of which the Indian 
Peninsula formed a portion in ])akeozoic and rnosozoic times. 

Rock-groups of Salt Range, — The following is a general list of 
the rock-groups found in the Salt llange in descending order : — 


Mu ropea n f qulva lents. 
/ Pliocene , 


Miocene (?) 


Eocene 


JSamc. 

, 14 Uppor Siwalik 
13 Lower Siwiilik^ 

12 Nuliuii P 

11 Nuiiiiimlltic 


Approximale 

Character of rocks. thick ness, 

iu feel. 

. Con,i;loiiK‘raies, ilrjib jiml 

pink fhiys . . . 3CO to 2,000 

. Grey smulstoiies and red 
edays, with niainnialian 
bones. . . . 1 ,200 to 7,500 

. (jirociiish-ufi’ey sandstones 000 to 1,000 
Pale linu;ston(‘s, with 
nuniinulites and other 
fossils .... 400 to (>00 

Wliik^ sandstones, shales, 
und red and p*ey clays, 
with lij'uite uml gypsum 1.50 to 300 


' Ante, p. .52. 

- Denksehr. K. Ak.nd. Wi.ss. Wien., 1878, p. 8. 

3 Wynne, Mem. G. S. J., p. 00. The Salt Range was niai)ped geologically by Mr. Wynne, 
but Dr. Wiuigcn spent part of a season in e.vannning the roelcs and iuUhnl to the atrenraU; 
determination of the fossiliferoiis formations, besides distinguishing the triassic group, 
which had previously only been separated on lithohigieal characters. UnfortimaUdy, 
Ills health having failed. Dr. Waagen was obliged to leave India without working out tlie 
paheonlology. He is now ocenined in determining the fossils. 

•1 As will be shewn subsequently, it is possjible Nos. 12 and 13 of lh(« list, Ibe “ low^er 
Siwalik and “ Nalian” of Mr. Wynne’s classification, should rather lx: classed us middle 
Siwalik (])lioeenc). ISec foot-note, p. 512. 

P 1 
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Swopean equivalents, 
/Cretaceous 


Name. 




ApprusFtmate 
thieknesSf 
in feet. 


Jurassic 


Tiiusflio 


\Cak«<)niferot?h 


/ 


♦SlLtHilAN ? 


.llcd^hL.V 

samUtonesi f f 
grey lin.ert ^^nes and 

mails, foasilDr'*^!'’"’"? 

■ lied and 

flaggy MndsPI^"*®"'*’' 
bloud-red cky^,j(' 
uiifossilif'erous , * 

• Grey 

reona aHiidsf ^^<1 

grey marls 

gn-einish, ■ 

fi. C'iiilaHilfemiis lime- Grey and jv, Iniie- 

stnne. sKme, ca‘'®'''“"‘"™ 

alane, anlTpii 

5, Sjxvlil.d saiidstnia* SiaaeiLd,^ >•“‘'’*‘.''*'1 . 1 4"'? 

sjindstone, /•'.ririiMrig 
lavondor clny, unfossili- \,, 
feroiis , 

M siindstuiio Lij^lit-colonml mn}>fn(?s)Jii) \jj^ 
s>iiu1st.()iHi ami sluiloSa 

lf(r>0 (o 250 


10. Olive group 


9. Varicgaiwl group 


8. Psoudomorphic 
salt crystal 
group. 

7. Ceratite beds 


150 to 350 


200 to 500 


50 to 500 


120 to 250 


300 to 500 


4, 


3. Obolus / )>cds 

2. Purple saiidstoiie.s 
1. fSall marl 


TO 

ii. . 

at > to 150 

rv 

250 I'SO 


uiifossilif'orous , 

« Black shales with glaii' 
coiiitic nilcareoiis layers 
and sandy bands, fossill* 
ferous 

. Ihieji })urj)]e sandstou(*s, 
iinfosKilii'orous 
. lied gypseous marls with 

thick beds of rock salt f 

and thill dolomitie 
layers . 800 to 1 'i -500 

hasi; not si 

S(tiirct‘ly riiiy of these groups, except the asa-lt marl ai. the base, a. od 
the later tertiary beds at tJie top of the series, arc found throughout 11 lo 
range, although the nunimulitic limestone is only absent in a few localities’ 
at each end. No. 2 of the preceding section, the purple sandstone; ^ 
No. r‘b the black silurian shales; No. 4, the magnesian sandstone; 
No. S, the red sfindslones and shales, with pscudomorphs of salt crystals; 
and No. JO, the olive group, are all wanting in the western part of the 
range: whilst No. 5, the speckled sjmdstone; No. 0, the carbonifer- 
ous limestone ; No. 7, the triassie limestone; and No. 9, the Jurassic 
grou]), are ah.'^imt to the easl.waixl. Similar differences may exist between 
the Western Salt Range and the continuation west of the Indus ; one 
formation, th<' necomian, is certainly found to the westward, hut not east 
of the river. Tlie important distinction, howtwer, is the prevalence of 
marine lossilileious rocks in the western, and of uufossilircrous l>eds in 
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the eastern part of the range, all the principal fossiliferous formations 
below the olive series, the carboniferous, triassic and Jurassic beds, being 
restricted to the western portion of the area. 

Rock-groups of Hazara, and the Northern Punjab — The 
rocks to the northward in Hazara and near Murrec, and in the hills of the 
Northern Punjab near Attock and Peshawar, differ to a very great extent 
from the Salt Range beds. Although the formations arc, in many cases, 
of similar age, marine eocene, cretaceous, Jurassic and triassic rocks 
being found in both areas, there is a marked distinction, both in mineral 
character and in fossils, between the mesozoic rocks in Hazara and 
those in the Salt Range, and no connexion has been traced between any 
of the palaeozoic groups. The nummulitic limestone also exhibits differ- 
ences in the two regions. The mesozoic rocks of the Northern Punjab are 
more closely connected, lioth by mineral character and fossils, with the 
comparatively distant tnins- Himalayan beds of Zanskar, Ruj)shu and 
Spiti, than with the strata of the Salt Range. 

The following are the rormations found in the extreme north of ilie 
Punjab : — 


JEuropean equivalents. 


H >4 7 „ 

05 5 Eocknb 


Name, 


Nuiniiiulitic 


/Cebtaceous 


O < 

C I JjEABSIC 


PJ 


C j 


Tbiassic 




/Infea-teiassic 


Tanol (Tanawal) (Jeoup 


Silurian ? 

? 

? 


, Attock slates 


Chtt mater of ro(*ks. 


r Liuicstono, cliiofl;! 
1 colon rod, and 

’ J Bomo (tarhonact'oi] 
locally Hoar the 1 


Approximate 
thirknesSf 
in feet,, 


Gieiimal lieds, 
Spiti bIuiIcb, &c. 


20 


20 

10 to lot) 


Liiiicst(Mio, chiefly dark- 
shales; 
tfons shales 

» base . 1,700 to .1,000 
Thiii-heddcd liim-stoiies, C 60 and np- 
iinfossiliffTous . ( wards P 300 

Sandy and rusty liiiie- 
stones, fossiliferous 
Sandstoiies, &c., jioorly 
fossiliferous 

liiiMOt^t-oi fossil if erous 

ISlack shales, sandy beds, 

&c., fossiliferous 
Limestones, inafjnesian in 
part, shales and sand- 
stones, fossiliferous 
Siliceous and dolouiitic 
breccia, shales, sand- 
stones, unfo8sililen)us. 

Quartzites, eon gloni crates, 

Blat(‘K, scdiists and mag- 
nesian limestones, uii- 
fossiliferous. 

. Black and pry slates, 
limestone's, &c. 


30 


2,000 or less 


Schistose beds, quartzites and dolomites, 
Metamorphic and crystalline rucks. 


Abnormal boundary of upper tertiaries. — ^T!u‘ iMdimlary lK!twivn 

tbe palsBozoic and mosuzuic Ijuds, with tlu.' hill nummulitiu liniestouc 



484. 


GEOLOGY OF INDIA— THE PUNJAB HILLS. 


[Chap. XX. 


cm the one hand, and the upper tertiarics, incluJingf the beds classed 
as upper nummulitic, on the other, is very marked, and has the appear- 
ance of a g^reat crushed fault ^ ; it is not clear, liowever, whether the 
break is entirely due to faulting, or whether it may not in part be 
tlie result of unconformablc deposition subsetiuently to the consolida- 
tion of the hill area. One of the chief peculiarities of this boundary 
is the apparent inversion of the rocks, the newer beds to the south 
of the junction having commonly a dip towards the north, as if 
th(iy were inferior in position to the older formations to the northward. 
The line of fracture is not always simple ; occasionally it bifurcates or 
consists of two or more parallel lines, nor is it an absolute boundary 
between the two types of tertiary rocks, for the hill variety of the 
nummulitic limestone is occasionally brought up by faults or exposed 
in crushed anticlinals to the south of the main line of division, and the 
newer tertiary bods arc similarly met wii*h in pla(?es faulted or let in 
l»y synclinjils to the north of the boundary. The most remarkabkj 
occuiTcnce of the hill nummulitic limestone south of the dividing line 
is in the ridge of Khairi Murat, south-west of llawalpindi, and lO 
mil(*s south of the main limit of the formation ; whilst che newer tertiary 
IxhIs are found represented in the MirKulan pass, west of Attock, nearly 
as fill* io the north of the junction line, and at Dungagalli, north of 
Murret? hill station. It should, however, be mentioned that the outliers 
of newer tertiary beds within the area of the hill rocks are not quite so 
clearly iden tided as the outlier of nummulitic limestone exposed south of 
the dividing line. 

This discordant junction between the Himalayan rocks and the tertiary 
formations is not confined to the North-Western Punjab, but is traced 
throughout the ranges to the east of the Jhclum in Kashmir territory, 
and thence far to the south-east along the southern slope of the 
Himalayas. There is, however, this distinction between the boundary 
in the Northern Punjab and that farther to the south-east, that the 
eoc(uui h)rmations arc found superbly developed as the hill type of num- 
mulitic limestone north of the junction line in the Northern Punjab ; 
whereas to the eastward the rocks on the northern side of the boundary 
appear, except in the Sirmiir area of the Simla region, to be much 
older than tertiary. In the Punjab, too, at no great distance to the 
south of the line, fossiliferous beds of similar age to those found in 
Ihe Himalayan area arc exposed, although the fossil fauna is in some 
cases different, whilst no similar connection has been traced between the 
1 1 imalayan rocks and those of the Peninsula generally, except in the 

* Wynne, Q. J. G. g., 187-1, V- 69. 
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solitary instance of the DamrfJa beds in Sikhim. One more peculiarity 
of the abnormal boundary in the Northern Punjab is thal tlie direction 
here is far more irregular than it is farther to tlie south-east, and iliat 
the boundary line leaves the slopes of the Himalayas to which it is con- 
fined to the eastward, and traverses the upper Punjab from east to 
west. 

Commencing at the wesfern end, the abnormal line of junction 
just described runs aloiiiy the south of the Afridi hills, and of tlu^ 
Chitapahar and Margalla ranges norlh of the Ilawaliiiiuli ])lain to 
the Murree hills. So far the direction has been that of the ranges, 
nearly from west to cast, curving to north-east to the eastward. Near 
the .Thelum, however, the line turns sharply north and runs up ihe 
valley of the river to Muzaiirabad, whence the boundary turns again 
sbarjdy to the south-east along the flanks of the Kaijniig range in 
Kashmir. 

A similar abrupt boundary between the older hill roedvs and the u])per 
tertiary formations is found along the northern side of ilie Alps in Europe ; 
and amongst some of tlic mcsozoic rocks there is a singular re])lae(‘mont 
in the mountain zone, lioth in the Alps and Himalayas, of formations, 
occurring in the plains at no great distance, by beds of corresponding 
age, but difTeriiig both in iniueral character and fossil fauna, lliis 
distinction is most marked in the ease of the jurassic rocks,* but thercj 
is a similar difference in the Trias of the Himalayan and extra-Himalayaii 
regions. The jialajozoic beds of the Himalayan Northern Punjab diftei* 
also from those of the Salt Range, but the distinction is of a different 
character, and j)rol)ably local, for the carboniferous limestone, the only 
iniportaiit fossiliferous pakeozoic group of the Salt llangcj, reappears in 
Kashmir, and the fauna is similar to that of the mountain limestone so 
widely distributed throughout Europe, Asia, Australia, &e. 

Azoic and palaeozoic rocks of Salt Range, &c.— Under the (;ir- 
eumstanccs of the ease, it appears host to describe separately the paljeozoie 
and mesozoic rocks of the two contrasting areas, and to commenee with 
the southern region. As the rocks of the Salt Range alone arc well 
known, the description of the older non-Hi malayan Punjab formations 
must be almost confined to tlie area between the Indus and Jheluiu, the 
oeeurrenee of similar beds west of the Indus being noticed wherever 
their existence has been ascertained. 


» Wiinffcn, Fill, liwl., Sct. IX, ji. 2.3G ; Waiip^en ami Wynni*, Mom. G. S: 1., IX, ]i. (332) ; 
POO iil 80 Wynne, Mom. G. S. I., XIV, p. 64; and Wiuigon, Donkscliril’t M, N. Kl. K. Akad. 
Wien, XXXVlll. 1878, p. 12. 
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In the ranges west of the Indus^ the greater part of the area is occupied 
hy tertiary rocks, palaoozoic beds occurring, however, in the Chichali range, 
and forming a considerable portion of the Kafirkot hills. In the southern 
j>art of the Sulcman ranges no pre-tertiary formations have hitherto 
been noticed, but the occurrence of carboniferous limestone west of Dera 
Ghazi Khan has been inferred from the existence of fragments in the 
beds of streams running from the range. Farther north, in the Mahsud 
Waziri country, south-west of Bannu, the higher ranges consist of 
mctamorphic and schistose rocks.^ 

Salt maxi. — At the base of all the Salt Bange sections, throughout 
the range from east to west, there is found a great thickness of red marl, 
varying in colour from bright scarlet to dull purple, and containing thick 
l)ands of rock salt and gypsum and a few layers of dolomite. The base 
of this group is nowhere seen, so that the thickness is unknown ; all that 
c*an be ascertained is lliat it is not less than 1,500 feet. 

The marl itself, which consists of clay, having carbonate of lime and 
magnesia and a small proportion of sulphate of lime (gypsum) combined, 
is soft and homogeneous, and the only evidence of stratifujation^ as a rule, 
is io be found in the intercalatc^d beds of salt, gypsum, and dolomite. 
In these the strata are frequently seen to be much broken and contorted, 
although no evidence of disturbance can be seen in the marl itself. Be- 
sides the more regular beds, masscis of gypsum are frequently irregularly 
dispersed throughout the marl. Many (rrystals of quartz and a few of 
iron pyriies have been found locally in the gypsum. In one locality in the 
Khewra gorge near Pijid Dadun Khan a small quantity of bituminous 
shale was discovered. 

The beds of rock salt to which the group owes its name are very 
rich, some separate bands being as much as 100 feet in thickness, and 
there being frequently several thick l)cds at one locality. Thus at the 
Mayo Mines of Khewra there are altogether no less than 550 feet of 
pure and impure salt in the upper 1,000 feet of the salt marl : of this thick- 
ness, 275 feet, or one-half, consists of nearly pure salt ; the other half, 
known as halai\ being too earthy and impure to be of marketable value 
without refining. The salt of the Punjab, it should be noted, is transport- 
ed and sold in the market as it is dug from the mine, without being 
refined. The beds of salt:, so far as they are known, are most abundant 
in the upper portion of the group, and the principal bands of gypsum 
overlie the salt beds. The salt bands do not appettr to be continuous 

J Skwiirt, J. A. S. B., XXIX, 18G0, p. 316; A'erclierc. J. A. S. B., XXXVI, 1867, 
Pt. 2, p. 18. 
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over a large area, but owing to the manner in which the outcrops are 
usually dissolved by rain, and then covered up by the marl, it is impossible 
to trace the beds. The salt itself is white, grey or reddjsh, and is frequently 
composed of alternating white and reddish layers, differing in translucency 
as well as in colour. Some bands arc almost pure, others contain small 
quantities of suly)hate of lime and chlorides of calcium and magnesium.* 
At the Mayo Mines one band has been found, (5 feet thick, composed of 
a mixture of sylvirie (chloride of potassium) and kicseriie (sulphate of 
magnesia, with only one equivalent of water), and th(? latter salt y)revails 
throughout about 7 feet beneath the sylvine band. E[>som salts (sulphate 
of magnesia, with seven equivalents of water) arc j>rodueed when water 
from the atmosjdiere is absorbed by the kicscrih?, and they frccpieiitly 
weather out on the surface, shewing that the magnesian salt is of coininon 
occurrence in the rock. Glauber ite (anhydrous suljdiate of soda and 
lime) has also been found by Dr. Warth, to whom the* discovery of 
most of the salts mentioned is due. 

Owing to the soft^ncss of tlic marl, and to the* tendency of haixler 
rocks to slip upon it whenever it is sufficiently satui’uted with water 
to destroy its coherence, and also to the salt beds being dissolved 
by water, the rocks of the Salt Range are broken and mixed up in 
the most complicated manner, masses of the marl having been squeezed 
by pressure in pla(;cs into a position in which tliey aj)poar to overlie 
more recent rocks, whilst all the newer formations are cracked and 
faulted. The detailed geology of the range is consequently v(^ry intri- 
cate, and it is not always easy to tell whether dislocations of the strata 
are duo to true faults traversing all the beds, inclusive of the salt marl, 
or whether the disjdacernent is merely due to complicated landslips. 

Resides being found from end to end of the Salt Range along the 
base of the southern scarps, the salt marl is exposed for a short distance 
beyond (west of) the Indus in the hills behind Kalahagh. The same rock is 
said by Dr. Verchere (and shewn upon his map) to be found at the northern 
and southern extremities of the Kafirkot hills (Rotta Roh of Verchere), 
west of the Indus, and south of Isa Khel, and round the southern base of 
the Shekh Rudin peak, a few miles farther west. Dr. Fleming also ^ men- 
tions the occurrence of red and grey saliferous sandstones under carboni- 
ferous limestone at the northern extremity of the Kafirkot range. 
The salt of the Kohat district is derived from beds of apparently much 
later date than those of the Salt Range. 

In a few places, a volcanic rock, having the appearance of diorite, 
but much decomposed, is found in the upper portion of the salt marl 

^ J. A. S. B., XXII, 1853, p, 260. 
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just below the purple sandstone. It occurs in horizontal lenticular 
layers from a few inches to 6 feet or more in thickness, and contains, 
in abundance, acicular stellate ciy^stals, much decomposed, but apparently 
of hornblend (tremolite or actinolite), together with talc, quartz, and 
calcite ; the latter in small cavities. It is not at all certain whether this 
igneous rock is intrusive or contemporaneous, but its occurrence in 
lenticular beds is in favour of the latter view. 

There can be no reasonable doubt that the salt marl is a sedi- 
mentary rock, although its very peculiar appearance has induced 
some observers to suspect an igneous origin. The red colour, however, 
due to the occurrence of iron sesquioxide, is a normal character of l>cds 
containing salt. The absence of organic remains is also a common 
peculiarity of saliferous rocks. Whether such formations with their 
beds of rock salt and gypsum have been dei)Osited in salt lakes under 
process of desiccation, docs not appear to be equally generally admitted.' 
The amount of salt in the beds of the Salt Range is so great, that suc- 
cessive suf?plics of salt water and repeated evapoi*ation alone could pro- 
duce the thickness of the mineral found in jdaces. 

The geological age of the salt marl and of the next formation in 
ascending ordei’, owing to tlie absence of fossils, is somewhat doul»tful, 
but the presence of a bed, probably of siluriaii age, at a higher horizon, 
shews that both must be of very ancient palaeozoic date. 

2, Puiple sandstone. — The group next above the salt marl consists 
almost entirely of sandstone of a dull purple colour, containing {;ar- 
bonates of hothlhno and nniffncshi. The lower fifty to a hundred feel- an; 
more argillaceous, and perhaps indicate transition ft-om the marl l)e]f)w; in 
tlie higher portion of the group bands of clay are rare or absent. 
Near the to]) the colour becomes paler. 

This purple hand is found throughout the eastern part of the range, 
but it dies out. to the westward, or is re])laced hy an argillaceous conglo- 
merate. No fossils have been found in the present group, which has 
not hitherto been traced beyond the Salt llangc. 

3. Silurian (?). — Throughout the eastern portion of the range some 
blackish sandy shales, of a dull i)urj)lc colour when dry, overlie the 
purple sandstones, and although comj)aratively of small thickness, arc 
well seen in various cliff sections. Sandy or conglomeratic and calcareous 
bands occur in the group, but the slialy character is predominant. In 
these shales a species of Braeliiopod belonging to the gemus Obolm, or 
some allied lorm, has been fouud. Obolm is a charaeteristi(‘ally lower 

* For a (lis(MiRsion of Ibis qaeslioii, and ivfereiuTS, siv Wynne, Mem. G. S. 1., XI 
p. (l il), siiulXlV, p.82. 
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Silurian typo, but the determination is not sufficiently certain to fix the 
age of the shale definitely. 

4. Magnesian sandstone. — The next group in ascending order is 
also confined to the eastern portion of the Salt Range, and consists, in its 
typical form, of a calcareous sandstone, containing magnesia, or of a sandy 
dolomite, (the latter being perhaps the more correct term,) a hard, massive 
cream -coloured rock, conspicuous on the scarps from its massive character. 
Associated with the harder beds are light-coloured sandstones, occasionally 
with oolitic layers or flaggy bands, intercalated with greenish and dark- 
coloured shales. 

To the westward this group becomes chiefly composed of sandstones 
and shales, and is no longer characteristic. No fossils have been found 
in these beds. 

5. Speckled sandstone.— In the Eastern Salt Range the dolomitic 
bods just noiieed are succeeded in ascending order by a Imglit red 
argillaceous band. No. 8, and then by the olive beds. No. 10,* l)iit to 
the wcstwaid other zones arc found to intervene, by far the most irn- 
I)ortant of whi(*h is the carboniferous limestone. Roneath this, however, 
and overlying the magnesian sandstone, there is a group of beds consist- 
ing chiefly of light-coloured sandstones, with reddish or purj>lish sj)ecks 
and patches. With the sandstones, red clays and shales, and some very 
distinctly marked lavender and purjdish or greyish argillaceous and 
gypseous bands, are intijrealated, especially in the higher part and at 
the toj) of the group. Some traces of copper in tlic form of small 
nodules of eo])])er glance have been discovered in tliese shales, hut. th('se 
concretions are of rare occurrence. Tlie sandstones are (‘ommonly dis- 
tinguished by the occurrence of small concretionary nodules which pro- 
ject in the form of small knobs from the weathered surface. These beds 
are in i)ai’ts conglomeratic, containing pebbles of crystalline rucks, and 
this conglomeratic character increases to the westward. The sj)cekled 
sandstone group, although well developed throughout the western part 
of the Salt Range, is lost near the Indus. 

Carboniferous. — With the cxcei)tion of the few BraeJmpoda from 
the supposed silurian shales, the oldest fossils hitherto found in the Salt 
Range occur in tlic carboniferous rocks, from which a very rich and 
characteristic fauna has been obtained. The most prominent beds are 
grey and yellowish limestones, frequently magnpsian, and closely resem- 
bling the mountain limestone of the British Isles and other parts of 
Western Europe in texture, colour, and composition, as well as in organic 
remains. At the base of the group, shales often predominate, succeeded 
by reddish and yellowish sandstones wdth SpirifcTy remains of fish, &e., 
the sandstones sonietimos containing thick beds of black coaly and sandy 
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shale. The upper part of these sandstones is fossiliferous,* and they 
are succeeded by limestones with numerous Cephalopoda^ BracUopoda^ 
Brtjozoa, Crinoirka, &c. The u])per strata are a^ain sandy, and sometimes 
consist of lif^ht-eolourcd sandstones with coaly shales and arf^illaccous 
J»eds intercalated, one thick sandstone bed being: crowded with a species of 
BeUerophon. The sections vary in different places ; beds of sandstone 
may occur anywhere, and very frequently the massive grey limestone 
is found at the base of the group resting upon the uppermost lavender 
clays of the speckled sandstone group. 

The carboniferous formation is wanting in the eastern part of the 
Salt Range,* and appears first in the Nilawan ravine near Kallar Kahar, in 
the form of coarse, light-coloured yellowish-grey and greenish sandstones 
with coaly laminacj and a band of sandy calcareous shales. The sand- 
stones contain Brodueim splnosm^ and the whole group is but 60 to 
70 feet thick, resting on the lavender clays of the underlying sub- 
division. To the westward the carboniferous beds gradually expand to 
a thickness of 450 or 500 feet, forming in many places a steep scarp, and 
maintaining this thickness to the neighbourhood of the Indus. Here, 
like most of the other rocks, tliey disappear for a sj>acc, but they 
reappear, according to Fleming, in the Chichali hills, about 7 miles north 
of Kalabigh, and may thence be traced along the range to near Mulakhcl, 
a distance of about 25 miles. At this spot they arc covered up by newer 

^ The following curboniferous fossils, chiefly ^racAtopoi/a, arc figured on Pluto T; 
the greater portion arc from the Salt Range, sciverul being found also in Kashmir and 
otlior Himalayan tracts, and a few being jHsculiar to the latter : — 

Figure 1. Spirifer keilhavH. i Figure. S, Froductus semireticulalm, 

„ 2, moosakhailensin j » 0, P. cosiafus 

„ ,9. Spiriferina octopUcata, j 10, P.purdoni, 

„ 4. Aihgrls suIdiUia, j » 11. Strophalosia morHHana, 

„ 12. Chonetes hardrensia, var. 
thihetanus. 

„ 13. Avictilopecteu hyemalU. 

•• Acoordiiig to Dr. AVujigen, the earboniferons rocks of the WestiTii Salt Range arc re- 
presented by unfossilif4Tous sandstones .associated with the nuignesiiin limestone to the east- 
ward. lie say.s (Denksebrift Math. Naturwiss. Class. Kais. Acad. Wiss. Wien, 1878 
XXX VIll, p. 8), writing of the puheozoie rocks of the Salt Range generally : — “ It is very 
diflieult to trace the separate b.ands through the various jduises of their transformation from 
west to east, but I have ciidcavourcd to do this at least for the lowest strata of the so-called 
curboniferous limestone, and have found that this formation, procoe<ling from west to east, 
passes, first, into a coarse-grained w^hite sandstone which still contains a very few fossils 
consisting of rolh'd fragments of coral ; next, into a very coarse conglomerate, with boulders 
the size of a man's head or larger; and lastly, into a homogeneoas grcyisb-grccn sandstone 
without auy organic reiiiuiiis, which again apijcurs to be closely coimcctcd w'ith Wynne’s 
magnesian sandstone.'’ 


„ 5. Metz la radialis. 

„ 6. Camerophoria purdoni. 

„ 7. iStrepforItguchus crenistria. 
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rocks, but they are again found welWevcloped in the Kafirkot range, 
south of Isa Khel (Esakhel). Carbomferous rocks do not appear to 
have been recognised under Shekh Budin, but they occur to the north- 
west in the country beyond the British frontier/ as fragments of black 
limestone with Productus arc found in the river Kurram, draining the 
southern slopes of the Sufed Koh j and Dr. Fleming found boulders 
of Productus limestone in the streams running from the Suleman Range 
as far south as the neighbourhood of Dera Ghazi Khan.3 

The following is a list of the fossils hitherto discovered in the car- 
boniferous limestone of the Salt Range and the neighbouring hills, as 
determined by Messrs. Davidson" and de Koninck,^ some species con- 
sidered by those authors as probably from higher horizons having been 
omitted, as it has been shewn that fossils from triassic, and even from 
higher beds, had been mixed with carboniferous. Three Cepkalojioda 
described by Dr. Waagen** have also been added. Species marked a arc 
also found in Europe or America. 


Pisces. 


Saurichlhys ? indicus. 


Orth oceras decrescent. 
O. rachidium. 

O. vesiculosum. 
Nautilus jiemingianus. 


I Acrodus flemingianus^ 

Acrodus, sp. nov. 

CEPHALOPonA. 

Goniatites pHmas, 

Ceratites carhunarius, 

C, sp. ill (let. 

Ammonites ( Phylloceras) oldhami. 


Gastebopoda. 


Macroch dXus avcl lanoid es. 
M, depilis, 

liellerophon jonesianus. 


Bellerophon orientalis, 
B. deeipiens. 
JJentalium herculeum. 


Lamellibeanchiata. 

Solenopsis imbricata. I JPecien asialicus. 

Becten crehristria. I JP. Jiemingianus. 

Anomia lawrendana. 


1 Verchere, J. A. S. B., XXVI, Pt, 2. p. 21. 

2 Q. J. G. S., 1853, p. 348. The boulders of pulojozoic limcBtoiic found by Vicary 
Q. J. G. 8., 1850, p. 45, in tho streams near Pesluiwur are also said by Verchere to have coii- 
taiiied carboniferous fossils. See foot*uote, p. 500 

3 Q. J. G. S., 1862, p. 25. 

-» 76., 1863, p. 1. 

- Mem. G. 8. 1., IX, p. (351.) 
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Bsacxiofoda. 


Terehratula himalayensis. • 

2\ siihuesicularis, 

€' Ailiyria royssL 

V A. suhtilita, var. grandis^ PI. I, fi^. 4. 
e Retzia 5* 

e Spirifera striata, 

S. moosakhailensis, PL I, fig. 2. 
e S. Uneata. 

e Spiriferina octopUcafa^ PI. I, fig. 3. 
e Hhyncimella pleurodon. 

Camerophoria purdonif PL T, fig. (». 

€ Slrtplorhynchus PI. I, figfi. 

Craiiia^ 


e Slreptorliynclius do. var. rohustus. 

S. pectiniformis. 

€ Orihis resupinata, 

€ Rroduoius stHatus, 

€ P. longispinus. 
e P, Cora, 

c P, semireticulatus, PI. 1, fig. 8. 
e P. costaius, PL I, fig. 9. 
e P,purdoni^ PL I, fig. 10. 

P, Immholdtii. 

e Stroplinlosia rnorrislana^ fig. II. 

Aulosiegcs dalhoiisii. 
sp. 


Phyllopora ? crihelhim, 
P ? haimeana, 
lictepora ? Itpida, 


Philocrinus cometa. 


Hrtozoa. 

. Fenestella ? sykesi, 
F, mcgasluma, 
Polypora fastuosa, 

EcniN01>EBMATA. 

I Potcriocrinus ? sp. 


Anthozoa. 

e Alveolites septosa 7 I e TJthostrotUm irregulare. 

€ Michvlmia favosa, I e L. hasaUifurme, 

CUsiophyllnm indivum. 

It has been shewn by Dr. Waajgeii that Penialium, herculcnm. and 
Bcllcrophon joneslanm ocenr at a higher horizon than the otlicr fossils 
and immediately beneath triassic beds with Ccratites, &c. Stwphalosia 
viorrmana is a Permian form in Europe, and the Anlosiegcs has Permian 
afFinities rather than carboniferous, but most of the BracMopoda and 
many of the other fossils arc characteristically carboniferous. The occur- 
rence, therefore, of a true ammonite and a ccratite, two forms of Aimmnl- 
iidm not previously found in palaeozoic beds, is very remarkable. It was 
certainly believed by Dr. Fleming that lie had found CeratUes together 
with the carboniferous Bmehiopoda, but the sjiecies of the former genus 
dc.scribcd from his collections are found in a higher bed, which is really 
of triassic age. . The ammonite and the two ccratites discovered by 
Dr. AVaagen, however, were procured by himself, together with GonialUcs 
primasy in the upper portion of the group, from a bed containing several 
typically carboniferous BracMopoda y including Afdiyris royssiy A, mhiilHay 
Spiriferina ociopllcatay StrepiorJtyncJms cremsiriay Productus cosfatus, 

The triassic beds appear not only to be perfectly conformable to the 
carboniferous of the Salt liangc, but to pass into them, and Dr. Waagen 
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has sugfjested that some of the upper carboniferous rocks are really of 
rermian age. 

Mesozoic rocks of Salt Range, &c., — Ceratite beds.— Imme- 
diately above the carboniferous limestone, and so closely connected with 
it as not to have been distinguished except lithologically until the rocks 
were examined by Dr. Waagen, there is found in the Salt Range, and 
probably in some of the hills west of the Indus also, a group of marls, 
limestones, and sandstones, containing a distinctly triassic fauna. The 
lowest beds of this group are generally thin limestones with CeraUles, 
siKJceedcd by a conspicuous thick marly zone, weathering of a lifrht 
greenish colour. This is overlaid by grey sandstone and flaggy lime- 
stone layers, passing upwards into hard nodular marls, and a succession of 
similar beds forms the upper portion of the group. Some of the bands of 
limestone contain glauconite, and beds of conglomerate occasionally occur. 
In jdaces the formation is chiefly composed of shales and marls. 

Like the carboniferous, the triassic group is only found in the west- 
ern part of the Salt llangc, the eastern limit of the latter being some 
miles farther west than that of the older formation. Triassic beds are 
found associated with the carboniferous grouj) from the spot where they 
lirst appear south-west of Naoshcra to the neighbourhood of the Indus. 
Of their range west of the Indus very little is known ; they certainly occur 
in the range near Kiifirkot, as this is one of the localities whence 
Ceratite^ (mcMmmff was originally procured,^ and other s2)ecies of the same 
genus were found in the same range by Verchere,^ but it is not so (certain 
whether the trias is rei)resentcd in the Chichali range. Dr. Fleming, 
however, especially states'^ that the upper limestone of the carboniferous 
group is more distinct in the Chichali hills than it is west of the Indus, 
and the beds now known to be of triassic age were included by Dr. 
Fleming in the uj)pcr i)ortion of the carboniferous. 

Owing to the triassic beds of the Punjab having Ixjen at first con- 
founded with the underlying carboniferous rocks, the fossils of the former 
have not been sufficiently distinguished for any list to be given.'*^ Cera- 
tites abound, and most of the species, probably all, described by de Koii- 
inck — C, Jlem 'ingianiiit, C, mnrchlsoiiiamiSt C, hatf^irianns, C, planulains^ C. 
li/eUianuSf C. latifimbriatm^ C, buchianus^ C. davitUonianus and lawren- 
cianus — are from the triassic rocks. Besides the CeratiicSy which are the 
characteristic fossils of the formation, species of Ortkoccra^^ Anoploj) flora, 


> Q. J. G. S, 18G3, p. 13. 

- J. A. S. B.. XXXVl, 1867. Pt. 2, p. 221. 

J. A. S, B., XXII, 1853, p. 264. 

As aili wuly mentioned in n previous note, those collected hy the Geological Survey have 
been sent to Dr. Waagen for examiuution. 
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Cardiniay Gervillia, Bhynconellay &e., occur in large numbers; the bivalves 
being especially characteristic of the upper beds. The most remarkable 
fossil, however, is a species of Bellerophon, a genus not known to occur 
in Europe in rocks of later age than palieozoic. 

The ceratite beds are probably about the age of the Bunter (lower 
trias), whilst a Myopltoria in the overlying limestone closely resembles a 
Muschelkalk species. Above this no distinct fossil zone can be recog- 
nised until the middle Jurassic is reached. 

Pseudomorphic salt-crystal zone. — A group of thin-bedded and 
flaggy sandstones, with intensely red shales and clays, is conspicuous in 
the eastern part of the Salt Range, resting upon the magnesian lime- 
stone, and overlaid by the cretaceous olive shales. Where well developed, 
the upper portion of the present group is argillaceous, the lower portion, 
which is of less thickness than the upj)cr, being chiefly composed of flags and 
sandstone, but there is some variation in the section ; in places the lower 
portion of the group consists of red and variegated clays and shales, 
and where the band is less developed, it consists mainly of flaggy sand- 
stones. On the surtace of the sandstones ciil)ical j)scudomorphs of salt 
crystals abound, and are so (diaraeteristie that they serve to distinguish 
the beds. The band is also remarkable for the bright red colour of some 
of the clays. 

The i)rcsent group is nnfossiliferons or nearly so, only some obscure 
organic traces of doubtful origin having hitherto been detected in it* 
Its position in the series is far from certain, for it is nowhere in contact 
with fossiliferous Jurassic, triassie, or carboniferous beds ; it rests upon 
the magnesian limestone, and is overlaid by the cretaceous olive group. 
Each of the three groups, although they apj)ear to form part of a 
continuous and conformaldc series, is well distinguished by mineral 
character and by relations to the other beds ; both the overlying and 
underlying groups being in fact unconforinable on the large scale to the 
intermediate salt-crystal formation, for the speckled sandstone in the 
western part of its extent intervenes between the place of the salt 
crystfil beds and the magnesian sandstone, whilst the olive group com- 
pletely overlaps the salt crystal formation, and rests upon older forma- 
tions to the westward. The reference of the j)resent grouji to the trias 
is conse(juently but little more than a suggestion, and must be considered 
as liable to alteration, should further evidence be obtained. 

The pseudomorph salt-crystal formation is found from Mount Tilla, 
near the eastern extremity of the Salt Range, to Makrach, north-west of 
Find Dadun Khan, but is wanting at Chambal mountain near Jalalpur. 
West of Maki-fich no such band is found, nor arc similar rocks known 
west of the Indus. 
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Jurassic or variegated group.— The next group in ascending order 
is again a western formation ; it consists of soft white and red sandstones, 
with grey and yellowish limestones and yellow marls, and is unknown 
in the eastern part of the Salt Range. The lower beds of this Jurassic 
group rest upon the triassic rocks, and consist of sandstones of varying 
colour, succeeded in ascending order by limest>ones, clays, and soft white 
sandstones ; then come bands of haimatite, several feet in thickness, and 
thinner layers of golden oolite, precisely similar to the rock of Cutch, 
and the upper portion of the group consists of coarse brown sandstones, 
yellow marls, white sandst,one and hard grey limestone bands. The 
sandstones arc often conglomeratic, and tlie limestones are most largely 
developed to the westward. Small layers and patches of bright Jetty 
(ioal occur in ])laces towards the base of the group, and west of the 
Indus near Kalabagh these masses are sufficiently abundant to have 
been worth extraction for the purpose of supplying fuel to the river 
sttiamers, but the sup])ly is small ; there is nothing like a seam of coal, 
and no prospect of regular mining operations being successful. The 
patc.hes of coal a])ix;ar to be merely earbonizc^d fragments of drift wood. 

The Salt Range Jurassic bods an? not found cast of the neighbour- 
hood of Naoshera ; they begin to appear a little farther west than the 
triassiij (ioratitc strata, and increasing much in thickness continue into 
the Indus. AV est of that river the same rocks reappear in the Chiehali 
hills, where they are well developed and more fossiliferous than in the 
Salt Range; they are well scoti in the Chiehali pass, and extend further 
to the soutlnvard round the curve of the range than the carboniferous 
limestone does, but they disappear beneath the tertiary rocks about 
0 miles south of Mulakhel,^ They are wanting in the northern portion 
of the Kafirkot range, but are said by Verchere® to be well developed 
at Shekh Budm. On Verchcre^s map, too, Jurassic rocks are represented 
as occurring in the southern part of the Kafirkot range and also near 
Bahadur Khel, north -cast of Bannu, but Mr. W^nne was unable to 
find any in the latter locality, although he searched for them in the place 
indicated. Fleming mentions that BelemnU'^s are brought by natives of 
the country from the Suleman Range near Dera Ghazi Khan, and Ver- 
<jhere found coral limestone, wliich he considered pi’obably Jurassic, in 
the Waziri country, west of Shekh Budin.® 

Until the fossils of the Salt Range Junissic beds are examined in 
detiiil, it is not possible to say exactly hat members of the Jurassic 


> Fleming, J. A. S, R., 1853, p. 278. 
* .J. A. S. H., 1867, l>. 15, 


3 1. (•., p. 19. 
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scries are represented. Dr. Waagcn has shewn that there is a close 
(•onnexion between the Salt Range oolitic beds and those of Cutch^’ but 
that the Himalayan Spiti shales contain a very different fauna. The 
Kelloway portion of the Chari beds is distinctly rej)reseiited in the 
Punjab, and some of the higher jurassic groups also. Cephalopoda are 
scarce, except west of the Indus, where Amtnoniies and BelemnUes occur 
rather more abundantly, esjiecially in the fine section of jurassic beds 
exj)oscd in the Chichali ])ass. 

Cretaceous (neocomian). — In the Chichali pass, north-west of 
Kalabagh on the Indus, the upper jurassic beds, consisting of dark olive 
clays and sandstones, with patches of oolitic limestone, pass upward into 
similar beds of a dark blackish-green colour, containing lower ncoco- 
m\im Cfphalopoda,^ and these, again, are ca]>2)ed by GO feet of massive 
sandstone, light coloured above, black below. This is the only instance 
in which beds with a lower neocomian fauna have yet been clearly 
ascertained to occur in India; upper neocomian Cephalopoda have, as 
already stated, been found in Cutch, and some of the AmmyaUes from 
Sriperrnatur were also thought by Dr. Waagen to resemble neocomian 
species. 

Olive group. — So far, there is no well-marked break in the series of 
m(* •* sozoic formations, although several groups may be unreprestujted, 
but theiKJxt formation in ascending order is miuh more abru]>tly limited 
below. It is found to the eastward, and consists of sandstones of various 
shades of dark green, grey, olive, and whitish, olive being the prevailing 
tint. In the upper part some shaly and carbonaceous bands oc(;ur, and 
in the lower part dark shales, filled with large boulders of ciystalline 
rock.'*^ 

This boulder conglomerate is an extremely interesting formation, for 
it affords a second instance in India (the Talchir group being the first 
example noted) of the characteristic marks of glacial action being found 
in ancient de|)Osits. Other conglomerates, sometimes containing fnig- 
ments of rock of large size, are found at a lowin' horizon in the fi^alt 
Range, but the only instance in which evidence has been detected of 

* Pal. IikI., Ser. IX, p. 236. 

" Wjiiip'ii, Pul. liid., S(T. IX, p. 215. 

•* K. Akad. Wiss. Wien., 1. e. p. 12. 

^ 111 iiiincral cbaractcr, in the occurrence of boulclers. anti in the ovidcncc of frlaciul 
conditions at the period of deiKisit, there is a curious reaeinhlanee hetwetni this contrloinerate 
of Iht? Salt Usinjj:e and the Talchir grroup of the Goudwana systi'in (set* rnifr, p. JOO) ; umX 
Mr. Tlu*ohald, the only zoologist with any ox]»eriencc f>f the Talchir beds who has (‘.vainiurd 
the Salt Uangr, noticed the similarity (Ucc. G. S. 1., X, ji. 224). 
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the boulders having been transported by icc is in the olive group. Mr. 
Theobald found * a rounded fragment of red granite, rather less than a 
foot in diameter, on the surface of this conglomerate, and apparently 
derived from it; the block is polished and striated on three faces in so 
characteristic a manner, that very little doubt can exist as to its 
having been transported by icc. The parent rock of this and many 
similar fragments found in the same conglomerate is unknown, no 
crystalline formation is exposed in the neighbourhood of the Salt Itange, 
and no red granite, like that of which the boulders are composed, is 
known in the Himalayan region to the northward. Some of the trans- 
ported fragments are much larger than the specimen already mentioned, 
and at Narwari, a mile east of the Collector's house at the Mayo Salt 
Mines of Khewra, one block of red granite occurs 7 feet high and 1 9 in 
circumference ; another large mass lies in the upper part of the Baghanwala 
ravine in the eastern part of the Salt Range. The derivation of these 
two blocks from the conglomerate of the olive grouj^ is not, however, 
certain. 

The boulder shales at the base of the olive group are found through- 
out a considerable area in the eastern Salt Range, but they are not co- 
extensive with the overlying sandy beds. In the latter, fossils arc 
occasionally found, having for the most part a tertiary facies, bub one 
species of Ammomiea has been found.^ Large Nautili^ Echinodermata^ 
corals, and Tereirahda fiemingi are the principal forms occurring. Cardita 
beaumonii occurs, but it is rare. 

The olive group is very closely connected with the tertiary beds ; it 
appears to pass up into them, and to be perfectly conformable to them 
whilst the very irregular manner in which it overla])s various older 
groups shews it to be unconformable to all of them. Although this 
formation is only fully developed to the eastward, a thin band is found, 
extending to beyond the Nilawan ravine, and even farther west, at the base 
of the nummulitic group, beds occur probably belonging to the same 
horizon; indeed. Dr. Waagen considers® that this group maybe traced 
throughout the range and across the Indus, where it rests unconformably 
on the neocomian. 

It is almost certain that this olive group of the Punjiib Salt Range 
is the same as the olive Cardita beaumonii beds of Sind ; the similarity 
in position and mineral character is striking, and some of the fossils are 
identical. 

* Rec. 0. S. I., X, p. 221, The block in question is in the Geological Museum, Calcutta. 

2 Wuaf^on. MS. notes. 

3 MS. notes, 

G 1 
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CHAPTER XXI. 

EXTRA-PENINSULAR AREA. 

THE PUNJAB HILLS WEST OF THE JHELUM (coulllllllfd) . 

ralitHV/oic and mcsozoic rocks of Northern Punjab — Crystalline and inetamorphic — Schis- 
tose series — Attock slates — Carboniferous and iiifratrinssic (Tanol group) — Trias (in- 
chuVnig Rha;tie) — Jurassic ; Spiti shales — Gieuinal sandstone — Cretaceous — Tertiary 
beds of Punjab generally — Tliiekness of tertiary series — Distribution of eocene beds — 
Mari and Bhugti hills — Sulennln Kange near Dera Ghdzi Khan — Chichdli hills and Salt 
Jiaiige — Koluit district — Salt and gypsum — Clays, limestones, and sandstones above 
the salt — Northern Potwar and Mnrrec hills — Nummulitic limestone of Northern 
Punjab or hill limestone — Upper tcrtiarics, Siwuliks, &c. — Distribution —Palaeontology 
— Post-pliocene depwits of the Northern Punjab — EiTutics — Indus floods — Possil 
shells. 

Palaeozoic and mesozoic rocks of Northern Punjab.— Before 
proc'cedhij;^ to the tertiary ruekvS of the Salt Range and of the Western 
and South-Western Pun jah, it will he well to notice the few details hither- 
to recorded concerning the older formations of the Al^nne and Northern 
Punjalb comprising Hazara with part of the Murree hills, the Gandgarh, 
Margala, and other ranges to the south-west of Hazara, the Chita Pahar, 
Attock and Chorat hills near the Indus, and the Afridi ranges to the 
westward. Of the hills of Yusafzai and Swat, north of the Peshawar 
plain, scarcely anything is known. All the ranges mentioned are north 
of the j)cculiar line of dislocation and invereion, already noticed as 
the northern limit of the ii])per tertiaries ; and all are composed of 
rocks, which arc closely allied to those of the Himalayas, and are for 
the most part distinct in mineral structure and in organic remains from 
the strata of corresponding age in the Salt Range. The rocks of 
Mount Sirhan, near Abbot tahad in Hazara, present in many resi)eets an 
epitome of the geology of the Northern Punjab, and several of the 
details in the following descriptions are tjxken from a study of the rocks 
at that locality by Mr. Wynne and Dr. Waagen. ^ 

Crystalline and metamorphic. — Tlic lowest rocks in Hazara are 
1 lie syenite, porphyritic granitoid gneiss and greeiistoiics of the Pakli 

* Mt'in. G. S. 1., IX, p. (331). For additional details of the geology of the Northern 
Punjab, see Wynne, lice. G. S. 1., VT, j». 59; VII, j). 61 ; X, p. 12G ; niid Q. J. G. S., 1874-, 
p.61 ; also Waagen, Uee. G. 8. 1., V, p. 15; mid Deiiksehr. Kai; . Akad. Wiss. Wien., Matli. 
Naturhist. Kl. IS/H, p. 10. A sketch is also given in the Punjab Gazetteer, the details for 
U’bieh were fiirnisbed bv Mr. Wynne. 
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valley, Sfisulgali, Agror, &c. To what extent these roeks are metamor- 
phosed sedimentary beds, and whether any or all of them are intrusive, is 
uncertain. The porphyritic granitoid rock with large twin crystals of 
felsj)ar bears some resemblance to the central gneiss of the TIiinalayas. 
Very little more is known of these formations than that they otfcupy 
large areas in Northern and North-Eastern Ilazdra, and that they probably 
extend thence to the westward. They arc a continuation of some of 
the cr3"stalline rocks forming the axis of the Pir Panjal. 

Schistose series. — Between the crystalline rocks and the Attock 
slates ill Hazara there is found an immense thickness of quartzites, 
dolomites, and schistose beds passing down into gneiss. These roc Us 
apparently rest upon the Attock slates, but tlie dip seen may be 
an inversion. They occupy the greater j)ortion of North-Western 
Hazara and extend down the Indus valley below Tiirbi^la. Neitlier the 
crystalline nor schistose formations of Hazara extend into the other 
hills of the Nortliern Punjab within the British boundary, but both 
are doubtless continued in the mountains of Yusafzai. 

Attock slates. — The next formation has a much wider range. It, 
consists of dark-coloured slates with limestones, some sandstones, and a 
few intrusions and perhaps contemporaneous beds of basic trap intercaUi ted. 
These rocks arc j)articularly well seen in the hills on the Indus south oi 
Attock, and have consecpiently received the name of Attock slates. 
They are generally remarkable for their dark colour ; they are irre- 
gularly cleaved, and seldom, if ever, afford good slates for roofing or 
similar purposes, although their thinly laminated layers arc souietiini^s 
employed. The liuiestoncs vary in texture, being sometimes compact, 
and occasionally brecciated ; they are often altered, and many are 
dolomitic. They are not often crystalline, although a consjiicuous 
band of sub-crystalline white marble belonging to the present forma- 
tion extends for some distance along the southern face of the Attock or 
Mirkuian hills and reappears in the Gandgarh range. The only fossils 
yet o])taincd are too obscure for identitication, and even such tracers oj’ 
organisms as have been noticed are excessively rare, the slate bc*ds 
themselves being unfossilifcrous. 

In parts of Hazara the slates become altered and slightly si?hi.stose, as 
in the neighbourhood of Gandgarh and Haripur. In these hills the 
typical dark Attock slates arc absent or so much altered that they cannot, 
be recognised, the common rock being talcose, silky and sehisto.se from 
partial metamorphism. Many greenstone dykes and intrusive masses of 
syenite Are found in the schists. In Upper Haz^,ra and Mian jain, 
limestones are rare or wanting in the slate series, but they aboiiml in t he 
Gandgarh hills and also near Attock, a few bands of trap Injiug also 
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found in the Gandgarh range. At Mount Sirhan and around Abhott- 
abad the group consists of slates of a dark colour, sometimes black or 
pui-])le, with bands of greenish grej^ sandstone. 

Nothing certain is known as to the age of these slates,^ except that 
they must be paleozoic, for they arc inferior in position and quite un- 
conformablc to the infra- triassic group near Abl>ottabad in Hazara. They 
are very probably identical with the slates of the Pir Paiijal classed as 
Silurian by Lydekker,^ 

The Attoek slates occupy a considerable area in Hazara, and form 
a. broad belt between tlic tract of cr}'stalline and schistose rocks to the 
north-west and the newer formations to the south-east ; one basin of 
stratified rocks, including limestone, resting upon the gneissose and 
schistose series of Northern Hazara, amongst the high mountains near 
the frontier, may also contain representatives of the present formation. 
The belt of Attoek slates continues to the south-west in the 
Gandgarh hills and in the east and urest ranges forming the Cherat and 
other hills south of Attoek and Nowshcra, and extending to the west- 
ward until the beds are lost near Julozai, beneath the gravels of the 
Peshawar plain. To the west of Peshawar the rocks are unknown, but 
the same beds may very probably reappear in the Khyber Pass. North 
of the cantonment of Nowshera, in the plain of Peshawar, the slates are 
said to be found near lloti and Mardan at the base of the Yusafzai 
mountains. 

* The BUf^jUfestion has hcon reponlcclly made hy Dr. Waagen, Mr. Wymjc and others 
that the Attoek slates ure ])rohuhly represented hy beds coiituining’ lower siluriaii fossils in 
the Khyhor Pass. It is not, however, quite cerfciin that the fossils found by Falconer and 
Vieary in that locality wore siluriaii. The statement that “ lower siliirinn fossils from 
the Kliyber hills were found by Dr. Fahioiier in the gravel of the Cahul river ” was made 
hy Colonel (then Cajitaiii) II. II. Godwdn -Austen in 18G(> (Q. J. G. S., XXII, p. liO). The 
jiajier in which this statcmicnt was made ajipears to have been drawn up from field notes 
without means of access to piihlished information, and no reference is siijiplied to any 
original authority. No notice of the discovery of such fossils can he found in Falconer’s 
piihlislual writings, and the only original stateineut in print we have been able to detect is 
in a foot-note to a paper by Captain Vicary (Q. J. G. S., 1850, p. 45). Vieary himself ob- 
tained “ a small Sjn'rifer, Orihis in abundance, a Tcrebralula and some Polyparia** from 
limestoiie boulders in the water-courses near Peshawar. In a foot-note be adds : “ Dr. Ful- 
comr obtained specimens of Spirifer, Orihis, and other palmozoie forms from these moun- 
tains several years ago.” Also in a note by Sir R. Murchison, prefixed to Vicary’s paper, the 
discovery of puheozoic fossils is mentioned. Now it is quite iiossible that the fossils colleetiKl 
by Falconer and Vicary have been examined and their age determined, but as this is not 
stated, Bomo doubt remains whether the fossils may not have been carboniferous, ns they were 
said t(i ho hy Vcrchere (J. A. S. B., 1867, Pt. 2, p. 21), the OrifAvs being iJcrhnps OrfMsina or 
tSfriptorhifnrJius crenislHa, formerly included in the genua Orihis, The chief reason 
for suggesting the i^ossibility of these fossils having been carboniferous, and not silunaii, is 
that carl)oiiiforous rocks are known to occur in the 811101111111 Bnnge, whilst no fossiliferoiis 
Silurian beds have hitherto been discovered in that direction, 

‘ ReCiG. 8. I., XJ, pp. 39, 63, &c. 
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Carboniferous and infra-triassic.—Carbonifcrous beds have not 
as yet been detected with certainty in any locality in the Northern 
Punjab ; a specimen of Froductm humholdti was found close to Hassan 
Abdal, by Mr. Lydckker, in a loose block of limestone, but with 
this exception the carboniferous limestone lias not hitherto been traced 
in the Punjab north of the Salt Range and west of the Jhclum, 
and it is uncertain whence the block in question was derived. The 
age of the rocks resting upon the Attock slates at Mount Sirban, near 
Abbottabad/ has not been definitely ascei*taincd ; the rocks in question are 
quite unconformablc to the underlying formation ; they are overlaid by 
the triassic group, and comprise two divisions, the lower consisting of red 
sandstones, red shales and red siliceous dolomites, with, at the base, a red 
argillaceous breccia full of fragments derived from the underlying rocks ; 
the ujqier division composed of dolomites only, lighter in colour than the 
lower beds, often highly siliceous and of considerable thickness. Above 
these upper dolomites, again, are some quartz breccias, sandstones and 
shales, all containing haematite : these may belong either to the present 
or the next group. 

These beds have hitherto only been noticed at Mount Sirban and in 
other places in Hazara; they may of course be in part carboniferous, but 
no fossils have hitherto been detected in them. 

In South-Western Hazara there is an immense thickness of quartzites, 
slates, conglomerates, sandstones and magnesian limestones, all somewhat 
altered and quite unfossiliferous. The relations of these beds arc obscure ; 
they appear, however, to overlie the Attock slates. For these rocks 
Mr. Wynne has proposed the name of Tanol (or Tauawal) group, from a 
district in the western part of Hazara near Amb. They form a broad 
belt, in i)laces 8 miles wide from north to south, extending nearly east 
and west from the neighbourhood of Abbottabad to the Indus, and 
probably comprise altered representatives of the infra-triassic rocks of 
Mount Sirban. 

Trias (including Rhastic). — The next zone is chiefly composed of 
dark limestone, black or grey, distinctly bedded, with thick zones of 
massive dolomite, sometimes containing numerous lamiiiro of opaque white 
quartz, shales, siliceous breccia, haematitic clays, and sandstones. Near 
Abbottabad, where the series is complete, dolomites form the lowest beds, 
and are followed by thin-bedded fossiliferous limestones ; the dolomites 
are, however, frequently absent. Above the fossiliferous limestones 
come quartzites and dolomites of considerable thickness, and above 
these again thin-bedded limestones and slaty shales, fossiliferous, but 

» Mem. a, S. I.. IX, p. (335). 
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coutaiiiiiig different organisms from those in the underlying portion of the 
group. The lower sub-division contains two characteristic forms. Mega-- 
linloii and Dicerocarditim, together with Chemnitzia, Gervillia, &c., the 
upper beds contain numerous Nerhieay together with forms of Neritopsie, 
Adar/cy Opisy Nnculay Lcday Ostrea, &c. The lower beds are apparently 
r(‘prescntative of the Para limestene or upper triassic of Spiti, and 
llie higher sub-division of the lower Tagling limestone/ or rhsetic of 
the same area. 

The triassic rochs are well developed in Hazara between Murree and 
Abbottabad, and extend from the Moehpura mountains to beyond the 
trunk road, rea])pearing in the Chita l^ahar, but the outcrops are greatly 
comj)licated by disturbance and faulting, especially in the neighbourhood 
of Murree itself and to the northward. Very little is known with 
certainty as to the extension of triassic rocks to the south-westward, 
as it i.s difficult and often impossible to distinguish the different forma- 
tions in a mass of unfossiliferous contorted limestones and other rocks, 
comprising representatives of triassic, jurassic and nummulitie beds. The 
triassic si rata arc well developed in the spurs from the Hazjira moun- 
tains east of Hasan Abdal and Haripur. Here the rocks contain but few 
fossils, although sufficient to enable their age to be determined. The 
t riassic group is also probably represented by massive contorted limestones 
in the Chita PahSr range and detached ridges to the north along the 
southern side of the ranges south of Attock and Nowshera, and extending 
westward into the Afridi hills, 

Jurassic, — Spiti shales. — Above the triassic beds there aj)pears to 
be a break in the series, and in Hazara, the next formation in ascending 
order consists of jet-Wack shales with more or less femiginous conci’otions. 
These beds have been identified both by mineral character and fossils with 
the upj)er Jurassic Spiti shales, of the Himalayan region, but do not 
appear to be very thick. Amongst the fossils, Ammoidicsy BdemnilcHy 
and various LameUiLranchhita have been found, some of the most 
characteristic S])iti species found in the Punjab being Anmonites [Oppelht) 
acucincluSy A [Venaphinefed^ frequency and Belemniles gerardi. The 
second and last named are also found in Cutch, though in different 
zones, the former being known from the Umia group, the latter from 
the Chari sub-division. 

The Sjnti shales in Haz&ra are consj)icuous from the contrast they 
afford to tlie thick mass of limestones ranging from paheozoic to nummu- 

1 See cliuptor XXVI, on the Himnlayan rocks. Tlie lower Tnp^ling limestone wss elnssed 
by Stoliezka, Mom. G. S. I., V, p. 66, provisionally as lower lias, but he pointed out that it 
was the equivalent of the Kossen beds, comnionly elass(>d as rhietio. 'llie l*ara limestone, 
at tirst elussed as rhietie, was subsequently united to tin* tria.s. 
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liiic, and forming the hulk of tlie rocks. Like the underlying* •• tria>3, 
the jurassic beds are greatly broken up by faults and dislocations. 
The Si)iti group is well seen on Cliarnba hill, north of Murrec, and has 
hitherto been found in no district of the Punjab, except the higher 
))arts of the South Hazara mountains. 

Gieumal sandstone. — Alcove the shales in many ])laeos, but not in- 
variably, there is found a thick-bedded sandstone, ycllo\vish-l)rown and 
ferruginous externally, but bluish-grey when freshly fractured. Occa- 
sionally the Spiti shales are wanting, and the rusty sandstones alone 
represent the Jurassic formation. The sandstone elusely corresponds in 
mineral character to the Gieumal sandstone of Spiti, and has been 
identified with it by Dr. Stoliczka.^ As a rule, in Hazara, the present 
formation is not fossiliferous, but some limestones and earthy beds with 
a few bands of calcareous sandstone can be traced for a long distance 
on the spur running west by south from the Murree lulls to the north of 
Rawalpindi, and traversed by the Grand Trunk Road at the Mfirgalla 
pass, and appear to be a continuation of the Gieumal sandstone, or they 
may represent both this band and the Spiti shales. At the Margalla 
pass and in some other places, the rock abounds in Tngonia vim tricorn,’^ 
the fossil already noticed as characteristic of the Umia beds in Cutch 
and of the uppermost Jurassic zone near Ellore. 

Tlic Gieumal sandstone has not been clearly recognised in the Mount 
Sirban section, but may be represented by calcareous sandy beds in the 
upper portion of the Spiti shales. The sandstone is well exposed 
north of Murree, in places, — always being, however, much crushed and 
disturbed. 

The Jurassic beds have been traced to the south-west along the 
Margalla sj)nr, and again south of the Chita Pah arrange, south of Camp- 
bellpur, to the Indus, and farther west beyond the Indus near Nilabgash 
into the Afridi country, wdierc the same beds are seen north of Kohat, 
but very little is known of the exposures. The Spiti shales may perhaps 
be chiefly represented by limestones, and the Gieumal sandstone by the 
beds with THgonia veniricosa^ but the characteristic appearance of the 
Himalayan beds is no longer to be traced in this direction. 

Cretaceous. — In Mount Sirbfin, resting upon the sandy and calcare- 
ous strata at the top of the Jurassic group, there is found a bed, 10 to 20 
feet thick, of a different kind of calcareous sandstone, ferruginous and 
weathering of an orange colour. This bed abounds in fossils, mostly 
coated with iron oxide, and comprising ^mmonUe^ of cretaceous forms, 

* SciLMitifii- results of the second Yarkand Mission, Geology, p. 11. 

•• fciee woodcut, autet p. 261. 
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all belongings to the cristati and injlati groups, besides species of 
AncyloceraSf Anisoceras^ Baculites and large Belemnites^ The species 
have not been determined, but the fauna has a gault facies. 

Above the fossiliferous zone there is a group of thin-bedded limestones 
of grey colour, apparently destitute of organic remains. This may be 
either cretaceous or nummulitic. It is succeeded by the nummulitic 
limestone. Cretaceous rocks have hitherto been clearly recognised in 
only one other locality in the Northern Punjab, north of the Salt Range 
and Chichdli pass beds ; this is close to Kohat, where a band of ferru- 
ginous sandy limestone contains some fossils, recognised as of cretaceous 
age by Dr. Waagen. 

Tertiary beds of Punjab generally.— Hitherto, in dealing 
with the different palieozoic and mesozoic rocks of the Punjab, it has 
been sufficient to describe isolated outcrops of comparatively small ex- 
tent; but in treating of the nummulitic limestone and the associated 
rocks, and to a still greater extent when describing the upper tertiary 
formations, much larger areas will come under notice, and it will 
therefore be better to describe each of the two great sub-divisions of the 
tertiary series, the older tertiary, or eocene, and the newer tertiary, 
including the representatives of miocene and pliocene formations, through- 
out the whole Punj.ab area, commencing at the south. It has already 
been stated that the miocene marine, or Gaj group of Sind, has 
not yet been recognised farther north, and although there is very 
little doubt that the upper eocene Nari gi’oup is represented in the 
Punjab, for some of the characteristic species of nummulites have been 
brought from Punjab localities, no attempt has yet been made to 
discriminate the different zones of nummulitic limestone in the northern 
region by means of fossils. The Ranikot beds, as already noticed, are 
only known to exist in Lower Sind, but they may be represented by 
rocks of similar character at the base of the nummulitic limestone in the 
Salt Range and elsewhere. The only Sind groups which have hitherto 
been clearly traced to the northwards arc the Khirthar or nummulitic 
limestone proper, and the Manchhar or Siwalik. 

Thickness of tertiary series.— The total thickness of the upper 
tertiary, or Siwalik formation of the Punjab cannot be much less than 
15,000 feet, and the Murree beds, into which the upper tertiaries pass, 
represent about half as much more, so that the whole tertiary scries, 
including the nummulitic limestone and its associated beds, where fully 
developed, comprises little, if at all, less than 35,000 feet of strata. Of 
this enormous ‘ thickness, all, except the lower 3,000 or 3,000 feet, is 
destitute of marine remains. 
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Distribution of eocene beds. — The iiummulitic limestone and 
its associated beds form the higher ranges of the Mari and Bliugti hills 
north of the Sind frontier, and extend throughout the SulcmAn range, 
apparently without intcrru])tion, from the Sind frontier to Peshd- 
war. Eocene rocks are said not to occur in the Shekh Bud in and other 
ranges south and south-west of the Bannii plain, ^ but they occupy a 
very large tract to the northward of the same plain in the Kohat 
district. They are well developed in the Chichali and Shingarh range, 
and they possibly form a groat portion of the Afridi hills south of 
Peshawar. East of the Indus, the nummulitic group is extensively de- 
veloped in the Salt Range, and forms the small range of Khairi Murat 
south-west of Rawal])indi. The rocks underlying the Murree beds along 
the west side of the Jhelum valley belong to the same grouj), but are 
poorer in limestone than usual, whilst north of the line of abnormal 
boundary already mentioned as traversing the Punjab north of Rawal- 
pindi and Kohat, and forming the northern limit of the upi)er tertiaries, 
the nummulitic limestone is again largely developed in the Murree and 
Hazara hills and Chita Pahar, and forms a great band across the 
province from the neighbourhood of Abbottabad and Murree to the 
Afridi range south of Peshflwar. In this area the limestone differs from 
its representative further south, as will be ex])lained presently. A few 
details of the sections in each area will shew the character of the 
formation. 

Mari hills. — In the Mari and Bhugti hills north of Jacobabad, the 
nummulitic limestone forms a number of east and west anticlinal ridges.^ 
No lower beds were noticed, and although sandstones rest uj)on the 
limestones, it is probable, from the description, that none of them belong 
to the Nari group, but that they are all Siwalik. 

Suleman range near Dera Ghazi Khan —Not far north of the 
Mari hills is the section of the Sulcman mngc near Dera Ghazi Khan de- 
scribed by Mr. Ball.^ Here, again, there is no trace of anything which 
can be identified with the Nari sandstones, the beds resting upon the niim- 
mulitic limestone being described as dark -brownish sandstones in beds of 
no great thickness, alternating with bright red, greenish and grey clays, 
probably Siwalik. The lowest beds seen in the whole section of the range 
consist of a great thickness of sandstones and shales with very few 
fossils, succeeded by from 1,000 to 2,000 feet of massive limestone with 


1 Vercliere, J. A. S. B., 1867, XXXVI, Pt, 2, pp. 13-16, and map, 

2 Vicary, Q. J. G. S., II, p. 260, 

3 llec. G.S.I.,V1I, p.145. 
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niiinmiilite, &c. On tlie eastern slope of the hills the mimmulitic 
limestones are much mixed with sandy and shaly beds, but a few 
miles further to the westward the whole band consists of limestone. 
The main range of the Sulcmfin consists of the sandstones and shales 
underlying the limestones. With the shales some very thin layers of 
coal are occasionally associated, but none are known to exceed about six 
inches in thickness, and consequently none hitherto discovered are of any 
commercial value. 

The fossils found in the sandstones are all tertiaiy species,* and one, 
is in Sind a characteristic Kanikot form. There appears 
good reason for assigning all the beds noticed to the eocene group, the 
lower sandstones and shales probably repi’esenting the lower Khirtliars of 
the Upper Gaj section described in the last chapter. The nummulitic 
limestone is evidently a continuation of tliat forming the Khirthar range 
in Sind. 

Ohichali Hills and Salt Range. — No full descri])tion of the eocene 
rocks in the northern portion of the Suleman range has been published, 
and it will be as wxdl therefore to proceed at once to the Salt Range and 
its continuation in tlic curved ridges of Chicliali and Shingarh west of 
the Indus. A section of the latter range, taken near Sultan KheJ, and 
about 15 miles north-west of Isa Khel, has l>een givxn by Dr, Vercliere,^ 
whilst the Salt Range rocks have been fully described by Mr Wynne. 
The section api)ears much the same throTighout, and has a considerable 
resemblance to that already described in the Suleman range. There is 
a bed of limestone several hundreds effect thick and usually of a light 
colour, resting upon sandstones, shales and clays, witli lignite. Tlic latter 
pass downwards into the cretaceous olive group, but immediately upon 
the limestone comes the upper tertiary group, which contains no marine 
fossils. The Gaj and Nari beds of Sind appear to be unrepresented ; there 
is evidently a break above the nummulitic limestone, and the overlying 
foimation is unconformablc, and rests in places upon a denuded surface of 
nummulitic rocks. The unconformity is also shewn by overlap in several 
places at the eastern extremity of the Salt Range, and, as already 
noticed, in the ranges near Shekh Biidin, and by the circumstance that 
the lowest bed of the upper tertiary sandstones sometimes contains 
pebbles of nummulitic limestone, as for instance near Fadial, west cf 
Mount Tilla. 

* The species (piotod in Mr. Biill’s paper were for tlic most i)art onlj' approximately 
detmniiu'd. 

J. A. S. It., 1865. XXXIV, Pt. 2, ji, 42. 
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The inferior shaly portion of the nummulitic group consists of soft, 
variegated shales or clays, more or less sandy, with occasionally a pisolitic 
ferruginous band, resembling laterite, at the base. A similar band is found 
in a corresponding position in the Sub-Himalayan sections, as will be 
shewn in the next chapter. Many of the shales and clays are pyritous 
and decompose readily on exposure, the dccoirposed shales being burnt 
and employed in the manufacture of alum. The so-called coal of the Salt 
Range occurs in the upper part of this lower sub-division, associated 
with gypseous shales, and is really a lignite of variable purity, found 
chiefly in thin strings and beds jf no great horizontal extent, but 
occasionally in rather thicker scams, some being as much as three to 
three and a half feet in thickness. The principal localities are Bliag- 
anwala, Pid and Samundri. Like most of the tertiary lignites, that of 
the Salt Range is pyritous, and frccpiently falls to pieces or takes fire 
spontaneously when exposed to the air. Similar lignite is found in the 
Chichali and Shingarh hills west of the Indus. Beneath the coaly shales 
are while, red and olive sandstones and cLays, occasionally with marls or 
limestone full of foraminifera, and, in the western Salt Range, a thick 
band of nummulitic limestones occurs immediately below the beds with 
lignite. 

The main band of nummulitic limestone is usually eompiict, grey or 
white, occasionally chalky, the uj)i)er portion being generally purer and 
less mixed with shaly or marly bands than the lower. Tlie w hole group 
is fossiliferous, the nummulitic limestone containing the usual fossiks, 
whilst bands contnining nummiilites and other foraminifera occur 
amongst the lower shales and sandstones, but more commonly remains 
of plants, chiefly dicotyledonous, are found in the latter. 

The similarity of the section in the Salt Range wu’th that of the Laki 
range in Sind is very great, ; the actual beds are thicker iu Sind, hut in 
both localities there are olive shales believed to be of upper cretaceous 
age at the base, then variegated sandstones, alum shales and clays with 
plant-remains, lignite and gypsum, followed in ascending order ])y 
nummulitic linjcstonc. Further comparison of the fossils wdll, however, 
be necessary, before the group beneath the nummulitic limestone in the 
Punjab can be safely correlated with the Ranikot beds of Sind. 

Kohat district. — There is another region in the Upper Punjab 
where the eocene rocks are well developed, and w^hcre they have been 
fully examined and described ; this is in the Trans-Indus salt region of 
the Kohat district,' and the section here exposed, although only a few 
miles distant from parts of the Salt Range, difPers iu some important 


Wyimc, Mem. Q. S. I., XI, pp. (101)— (330), 
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points from that just described. Tlie following^ is abridg-ed fi’oni 
Mr. Wyniie^s summary of the rocks exposed ^ ^ ^ ^ 

Zljjper sandstones^^Sottf grey saudstoncB, clays and 

conglomcnites 500 to 1,500 

Lower sa»rfs<o«^js.— Harder grey and purple sandstones, 
liriglit red and purple clays, slightly calcareous and 

jwcudo-congloincratic bands 3,000 to 3,500 

Ujiper nummuUUe , — Nummulitic limestone and some 
sbaly bands ........ 

AW clatf xonfiy or lower nunmulilte.—liod clay, lavender 
coloured near tlie top, occasionally with NummuJHes, 

Tile loiver portion of the red clays in 2 )lnee 8 is j>arily 
or wholly replaced by fossiliferons sandstones, thick 
grtvnish clays and bands of limestone all containing 

Humimdiies 

r Qpjmmi. — White, grey or black gyi)sum with bands of 
\ clay or shale ........ 60 to 300 

j RoeJe a-o/A— T hick beds of salt, almost pure. Tlie base 

L not seen 300 to 700 

(? 1 , 200 ) 


PmorEVE AND 
AllOCENK 


Eocskb 


Eocene ? 


Goto 100 


150 to 400 


The region examined is the hilly tract north of the Bannu plain and 
of the Chichali hills, and extending from the Indus^ on the east, to the 
British frontier. The gronnd is ti'aversed hy a scries of east and west 
ranges, eliietly formed of crushed and broken antielinals of the nummulitic 
limestone and the associated rocks. 

Salt and gypsum. — The rock salt and gypsum at the base of the 
tertiary scries in the Koluit region arc very important and remarkable. 
The salt consists of a more or less crystalline mass, usually grey in 
colour, w'ith transparent patches, and never reddish, like tlie salt of the 
Salt Range. A few earthy hands occur, hut the portion of the whole mass 
too impure to be worked for commercial purposes is hut small, although 
there is no attempt at refining tlie salt, which is exported for sale in the 
form in wdiieh it is mined. In some places the up|x?rmost layer is dark- 
coloured, almost black, and bituminous. The quantity of salt is some- 
thing marvellous ; in the anticlinal near Bahadur Khel alone rock salt 
is seen for a distance of about eight miles, and the thickness exposed 
exceeds 1,000 feet, the width of the outcrop being sometimes more 
than a quarter of a mile. Hills, 200 feet high, arc sometimes formed of 
pure rock salt. As a rule, the salt contains sulphate of lime (gypsum), 
but none of the potassium and magnesium salts of the Salt Range beds. 

Above the salt come gypsum and clays, as in the Salt Range, hut 
the ctilours, wdiite and grey, are veiy different, and the whole appearance 
of both salt and gypsum so distinct from those of the ancient salt marl, 
that although there is no indication of salt beds at a higher level in 
the Salt Range itself, and although the outcrop of the salt marl close 
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to Kdlabdgh on the Indus is only 18 miles from one of the Kohat rock 
salt regions at Nundrukki, still as a great series of mesozoicand palaeozoic 
beds intervenes, throughout the Salt Range, between the nummulitic group 
and the salt marl, whilst in Kohat the former rests with apparent con- 
formity upon the gypsum and salt, it appears probable that the salt-bearing 
rocks in the Kohdt district may belong to a very different horizon from 
that occupied by the same minerals in the Salt Range series. It is by no 
means certain that the Kohat salt and gypsum are eocene, but, in the 
absence of any evidence to the contraiy, it appears best to class them 
with the nummulitic beds immediately overlying them. 

Clays, limestones, and sandstones above the salt.— Overlying 
the gypsum, there is usually found a thick bed of deep red clay, the eocene 
age of which is proved by the occasional occurrence of nummulites in 
the upper portion. Sometimes the clay is wanting, and apparently re- 
placed by clays, marls, and limestones of a grey or olive colour, and con- 
taining nummulites, but the replacement is not clearly proved. Above 
the red clay zone come earthy limestones, clays, and shales, with 
nummulites. The main band of limestone is very much thinner than in 
the Salt Range, but is as usual massive, pale-coloured, and full of 
Nummulites, Alveolinrs, §•<?. The overlying formation, consisting of 
sandstones and clays, in which dark red and purple colours predominate, 
exceeds all the eocene beds in thickness, and is probably, like the 
sandstones and clays overlying the nummulitic limestone of the Salt 
Range, really of much later age tlmn the limestone on which it rests. 

Pebbles of nummulitic limestone are said^ to be found in the lowest 
beds of the sandstone, and some reptilian bones, (not determined,) 
siliceous fossil wood, and a few ill-preserved ribbed bivalve mollusca have 
been found, but no characteristic organic remains. The beds resemble 
Murree beds and pass upwards into undoubted newer tertiary (Siwalik or 
IVIanchhar) strata of the usual <‘haractcr, the red colours becoming rarer, 
and the usual drab grey sandstones and orange or drab clays being the 
prevailing rocks. 

Northern Potwar and Murree Hills. — Along the northern side of 
the Rawalpindi or Potwdr plateau, and up the Jhelum valley for a long 
distance north of Murree, there runs the line of abrupt boundary, already 
noticed as intervening between the tertiary formations to the southward, 
and the Himalayan or Alpine rocks, inclusive of the hill type of nummulitic 
limestone, to the northward. It is clear that the tertiary beds seen 
immediately south of the limit in question must be newer than those 
to the northward, for marine limestones are intercalated with the lowest 
clays and sandstones seen south of the boundary, and it is dilScult to 

» Wynne, Mem. G. 6. I., XI, p. (170), 
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iinderBtand how two totally different formations could have been depo- 
sited contemporaneously on the opposite sides of a line along which there 
is no evidence of any ridge of older rocks to separate the two areas o^* 
deposition. Besides, as has already been stated, the hill form of num- 
mulitie limestone occasionally appears a little to the south of the dividing 
line, being brought to the surface either by faults or antielinals, and the 
newer tertiaries arc similarly let in by synclinals, whether faulted or 
not, to the north of the same limit. Such outcrops are at no great 
distance from the main boundary, and the rocks are so greatly disturbed 
and contorted that their relations are obscure. In this case, as elsewhere, 
the additional knowledge of the distribution of fossils in the older 
tertiary formations afforded by the study of the Sind rocks has not yet 
been applied to the Punjab region, whilst the complicated disturbance of 
the rocks and the eoini^arativc paucity or bad preservation of organic 
remains in the latter country render the correlation of the various strata 
a work of great difficulty. 

Perhaps the most interesting section hitherto noticed is that already 
referred to, occurring in the anticlinal ridge of Khairi Miirat about 
1 miles south-west of Rawalpindi. Here clays and sandstones with bands 
of limestone are seen resting conformably upon a massive clearer lime- 
si one ; the former rocks being evidently identical with the u])per 
nummulitic beds found south of the main boundary, whilst the latter 
represents the hill nummulitic limestone. 

The eocene beds of the Upper Punjab, south of the line of disturbance, 
consist of sandstones and shales, very fre(|uently of a red colour, and 
comprising, towards their base, occasional bands of limestone or marl, 
with numinulitcs. Associated with the sandstones, some gypseous shales 
and bands of gypsum are found, but no trace of the Kolnit salt. As 
already stated, these lower tertiary sandstones are cut off abruptly to the 
north, and it is not always clear whether they rest upon the hill limestone 
or are faulted against it ; doubtless the junction, whether conformable 
or unconformable originally, has become complicated by faulting and 
crushing, but the wdiolc line of boundary has the appearance of a gigantic 
fault. There is a gra<lual and complete passage, to the south of this line 
of fracture, from the beds containing nummulites into the upper tertiary 
Siwalik rocks, with mammalian bones. As will be noticed in the chapter 
(»n the Sub-Himalayan area, veiy similar beds occur at the base of the 
tertiary scries along the southern foot of the Himalayas in the Eastern 
Punjab, but in this area representatives of the lower nummulitic 
limestone arc shewn to exist by the fossils occurring. 

The rocks at the hill station of Murree have been repeatedly de- 
sciil)ed, The station itself is built on grey and pur]>le sand stones and 
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deep purplish clays, with occasional concretionary bands. These are the 
Murree beds of Mr. Wynne, and whilst their lower strata may corre- 
spond to the Dagshai sub-division of the Sirmur or eocene series in the 
Simla hills, it is probable that they represent higher groups also, and they 
may even comprise strata corresponding to all the Sub- Himalayan beds 
of the Dagshai, Kasauli and Nahan groups between the Subathu and 
the Siwaliks proper. It is evident that no definite line can be drawn, 
either in the neighbourhood of Murree or to the west of liriwalpindi, 
lietween the eocene beds and the newer tertiaries. Immediately north- 
west of the ridge on which Murree stands, similar grey and red sand- 
stones and shales, underlying the Murree beds, contain bands of nummul- 
itic limestone. These rocks are supposed to represent in part the Subathu 
beds at the base of the Sirmur group,^ but it is j^robable that the lower 
portion of the Subdthu group must be older and rej^resentative of part of 
the hill limestone of the Punjab. The bands with nummulites at the Ijase 
of the Murree beds are traced at intervals from tlie country west of the 
Jheliim to the Pot war, and thence to tlie westward to beyond the Indus. 

Hill nummiilitic limestone of Northern Punjab. — The hill 
nummulitic limestone, as it is frequently called, consists of a great thick- 
ness of dark-bluish grey or blackish limestones, with brownish olive shales. 
The rock is generally foetid and massive, with nodular hands, but thick 
zones of pale-grey splintery limestone also occur. Stratification is some- 
times distinct, sometimes obscure. Near Dungagali, between M urree and 
Abbottabiul, some red clays are associak'd with the hill limestone and 
aj)pear to be interstratified.® These Himalayan and North Punjab beds 
differ from the nummulitic limestone of the Salt liange and Sulenuin 
mountains, and from the Khirthar limestone of Sind, in colour and 
structure ; but it is far from clear how far the distinction is due to the 
amount of disturbance and pressure experienced by the northern rocks. 
The intercalation of shales with the limestone takes place also in Lower 
Sind and Paluchistan. Similar dark-coloured nummulitic limestones are 
found in Baluchistan, also in a disturbed region, and all the differences 
hitherto noticed between the hill nummulitic rocks and their represent- 
atives in the Salt Range and elsewhere, excei>t colour, might be attributed 
to the different amount of disturbance that has affected the two regions. 
No distinctions have been shewn to exist between the organic remains 

^ Sol* iioxti oliapler. Tlic tortiary rocks of tlio Sub-Hiiualnyaii ranges arc thus classed 
in dosccmling order : — 

^ 1LT c!- 11 ^ Siwulik. 

1 Newer ; Siwalik ) __ 

t Nahan. 

r Kasauli. 

2 Older ; Sirmur ) Dagshai. 

/ Subathu. 

2 Wynne, MS. notes. 
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found in ibc two forms of limestone, except that the hill nummulitic 
beds contain much fewer and smaller organisms. 

The hill type of nummulitic limestones forms a broad belt throughout 
Hazara and the Murree Hills, from the neighbourhood of Abbottabad, 
past ]\Iurree, and along tlic spurs traversed by the grand trunk road 
north-west of Rawalpindi. The same rock forms the greater part of 
the Chita Pahar Range, and is continued west of the Indus in the 
Nilabgash and Afridi hills, which arc chiefly composed of this formation. 
This great belt and the parallel band of the Attock slates to the 
northward are indeed the leading stratigraphieal features of the Northern 
Punjab, the intervening formations being less prominent, although 
largely develojicd locally. 

Upper tertiaries, Siwaliks, &c. — It will be unnecessary to devote 
much space to the description of the upper tertiary rocks, since, despite 
the enormous area covered by them, and their great thickness, they 
present, a nearly uniform character, and difPer but little from the rocks 
of the same age to the southward in Sind, already described in the last 
chapter, and from the typical Siwalik series of the Sub- Himalayan region, 
to which the next two chapters will be devoted. 

The passage from the lower into tlic upi)er tertiaries throughout the 
Northern Punjab, so far as the ground has been sufficiently examined, 
is transitional, with tlie excej)tioii of the boundary to the north of the 
Salt Range, where, as has already been shewn, the upper tertiary rocks 
rest unconformably on the nummulitic limestones. But even in this area 
there is an apparent conformity in dip and strike, the bedding jdanes of the 
upper tertiary strata being j^arallel to those of the nummulitic limestone, 
and it is not quite certain how many sub-divisions of the tertiary series 
are wanting.^ Apparently the lower j)ortion, if not the whole of the 
Murree beds, including the nummulitic bands at their base, — that is, all 
those rocks classed as older tertiary that are exposed immediately to the 
south of the line of discordant junction traversing the Northern Punjab,— 
arc unrepresented to the south of the Rawalpindi plain. It is probable 
that a similar deficiency of the middle tertiary beds exists on the flanks 


* Tlie lowest beds resting npon the nummulitic limestone of tlio Salt Range are con- 
sidered by Mr. Wynne to represent tlie Murree beds, but Mr. Theobald, who has identified the 
same strata with the middle Siwalik group of the Sub-IIimalayan region, considers that 
even the Nahan group is wanting on the northem slopes of the Salt Range. Tlie 
fact, determined by Mr. Theobald, that an ossiferous band may be traced not 100 feet 
above the nummulitic limestone, and that amongst the bones discovered in this band arc 
those of Mastodon latidens and Rhinoceros palmindicusy renders it probable that ibc beds 
resting upon the limestone must be either upper miocenc or pliocene, and consequently 
must belong to a bigbor horizon than that of the Murree beds generally. Still ns the 
liiiiils of the Murree beds are vague and undefined, it is quite possible that strata, elsewhere 
classed \vi h the Murree beds, may be represented north of the Salt Range. 
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of the Suleinan Raiig^e, and it is Jiig'hly probable that the saiidstone.s 
and clays resting upon the iiummulitic beds in Kohdt are also^ as already 
suggested, separated by a considerable break in time from the typical 
eocenes. 

Throughout the Punjab, os in Sind, the upper tertiary rocks consist of 
a great sequence of sandstones .and clays, surmounted in places by a mass of 
coarse conglomerate of variable thickness. No satisfactory sub-divisions 
have been established in this series, although it is certain that a large 
period of geological time is represented ; for the mammalian fossils from 
the lower portion in the Punjab, as in Sind, include much older forms of 
life, and resemble those peculiar to the miocenc of Europe, whilst in the 
upper beds living genera are common, although the species are extinct. 

The transition from the Murree beds to the upper tertiaries or 
Siwalik series is marked by a diminution in the prevalence of red 
clays and sandstones, and by the appearance of bright grey sandstones 
in great abundance. The sandstones become softer, concretionary 
bands more numerous, and a few pebbles derived from the nummulitic 
limestone and Murree beds, together with rounded fragments of quartzite 
and crystalline rocks, make their api>e.arance. Higher in the section 
the red clays disappear, and are replaced by orange and grey clays, and 
there is a gradual passage upwards into the massive conglomerates, 
which form in many places the upper portion of the whole series. 

The pebbles of the|jB conglomerates appear to have been derived from 

the same Himalayan rocks as those now furnishing the materials for the 
gravel and boulder beds of the Punjab rivers, and it is consequently evident 
that the rivers in the Siwalik period ran from the north, as they do now. 

Distribution. — Commencing, like the eocene rocks, at the southern 
extremity of the area, the upper tertiary beds form several ranges of 
hills north of the Upper Sind frontier, between the desert plain of 
Jacobabad and the ridges of nummulitic limestone ; and, to judge by 
Vicary^s section,^ the higher beds reappear in the valleys between the 
parallel anticlinal ranges of older tertiary limestone, precisely as in Lower 
Sind. Passing northward along the boundaiy of the Derajat, the 

Siwaliks, although forming only a narrow belt on the flanks of the 

Suleman Range in the Siri Pass, west of Dera Ghazi Khan, comprise 
two well-marked sub-divisions ; of these the upper, consisting of conglo- 
merates and coarse sandstones, 500 to 600 feet thick, rests unconform- 
ably upon the lower, composed of sandstones with bright red, greenish, 
and grey clays, and attaining a thickness of at least 3,000 feet, and 
probably more.® The only sections recorded have been too hurriedly 
traversed for more details to be determined, and it must remain for the 

* Call, Rec. Q. S. I., VII, p. 150. 

U 1 


1 Q. J. G. S., II, 184G, p. 2C1. 
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present uiieertiiiii whether any of the intermediate groups of Sind are 
represented on the flanks of the Suleman Eange. 

Passing northward along tlic Suleman, the belt of upper tertiary 
beds appears perfectly continuous. The whole of the Pyzu and Shekh 
Budin ranges are believed to consist, of newer tertiary strata, with 
the exception of the peak of Shekh Budin itself, and all the north- 
western slope of the Kaflrkot range near the Indus is of the same 
Siwalik formation. A broad tract to the west of the Bannu jflain, the 
Waziri country north of Bannu, and the western slopes of the Shingarh 
Range are similarly comiioscd, so that the newer tertiary beds entirely 
surround, and probably underlie, the Bannd plain.^ North and north-east 
of this the upper tertiary formations cover a large portion of the Kohat 
district west of the Indus, and nearly the whole of the great Rawalpindi 
plateau to the east of the river, being thrown throughout into a series of 
great wave-like undulations, the anticlinal and synclinal axes of which 
have a general cast and west direction. Older rocks appear to a large 
extent in the anticlinal ridges west of the Indus, more sparingly to the 
eastward, and to the north the upper tertiary area is bounded by the 
Murree and upper nummuli tic beds south’of the great line of dislocation. 

Palaeontology, — It is unnecessary to enter into any detailed 
account of the organic remains, almost entirely vertebrate, found in the 
newer tertiarics of the Punjab, because a large number of the same 
species have also been discovered east of the Jhelumn^nd it will be better 
to deal udth the Siwalik fauna as a whole. Owing to the similarity of 
the beds composing the upper tertiary series throughout, and the compli- 
cated disturbance which the rocks have undergone in many places, it is 
very often impracticable to determine the precise horizon at which any 
particular fossiliferous beds occur, and with a large proportion of the 
bones hitherto collected, the original locality has been imperfectly 
recorded. It is therefore impossible to draw up anything like a trust- 
worthy list of the species found in any sub-division of the newer tertiary 
series ; all that is known with certainty is that the majority of the 
bones found in the Punjab arc from the higher i^ortion of the strata. 

In one ease only has the peculiar miocene fauna of the Sind Lower 
Manchhar beds as yet been detected in the Punjab, and in this case 
the exact locality is unknown, but it was in the neighbourhood of 
Kushalghar, 40 miles south of Attock.® Remains of Mastodon y Dino- 
iheriam jjenlepotammy Lislriodon ^Jentepotammy R/dnoccroSy Mer^copotamuSy 
Rorcaihcrmm,y Saniihenuin schlaginiioeitii, and Amphicyon 

» These details are from Vcrclicrc’s map, J. A. S. IL, 18G7, XXXVI, Tt. 2, and from 
the Atlas sheets of the Great Trijc^oiioinotrical Survt‘y. 

* Lydekkcr, llec. G. S. I., IX, p. U2. The fossils were first noticed by Falconer, l*aL 
Mem., 1, p. 415. 
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were found. There can he no question that the beds yielding the above 
fossils must be at a lower horizon than those from which the bulk of 
the Siwalik fauna has been procured. It is^ however, far from improbaljle 
that some of the supposed Siwalik forms come from the same lower 
horizon, as certain species belong to older forms of life than the major- 
ity of the Siwalik vertebrates. 

Post-pliocene deposits of Northern Punjab— On the great 
{)lains of Rawalpindi (the Potwar), Bannil, and Peshawar, extensive 
deposits of gravel, sand and silt exist. Little is known about later deposits 
in the Pesh^iwar and Bannu plains, but those of the Potwar present some 
features of interest. The surface consists of an alluvial, rather light-brown 
clay, often containing kunkur, and passing in places into fine silt. 
Beneath this alluvial deposit there is a mass of gravels and sand, some- 
times enclosing boulders of large size. The boulders arc not, however, 
confined to the pebble beds ; many have been observed imbedded in 
fine silt, and this circumstance, together with the great size of many 
of the blocks found, and the distance to which they have been trans- 
ported, has induced several observers to attribute the transport of the 
larger masses to ice, whether floating down a river or in a lake. It has 
been suggested that the Potwar may liave been converted into a 
lacustrine basin in post-tertiary times by tbe elevation of the Salt Range 
and the ridges west of the Indus. There is but little evidence in favour 
of this view, l)ut still it is not imiiossiblc, for, although the pebble beds 
underlying the finer silt of the Soin valley appear too coarse for 
lac'ustrine' deposits the silt may be, in part at least, a later deposit. 

^riic post-tertiary deposits are of course quite unconformable to the 
Siwalik rocks, which had boon greatly disturbed and denuded before the 
later beds were formed. These later beds themselves, however, are 
occasionally found dipjnng at a considerable angle, due, it is said, to 
original deposition. The jiebble beds are found around Rawalpindi 
and in the neighbourhood of the Indus ; they overlie the Rhotas 
gorge near Jhclum, occur on some of the Salt Range plateaus, and 
cap the mountain above Kalabagh on the Indus. They are found at a 
considerable elevation above the present river beds, some fragments of 
crystalline rocks in the neighbourhood of the Indus, apparently brought 
down by the stream, having been observed 2,000 feet above the river. 

Erratics. — The^argc blocks attributed to icc flotation appear to 
have been derived from the Himalayas. They are abundant along the 
Indus as far up as Amb, on the left bauK of the river, in the gorge of 
the Sirun and for some miles below Attoek, around Jhand about 20 miles 
farther south, and farther still to the southward near the village of Trap 

> For ndditioiml dctnilg concerning tliese alluvial deposits of tbc PotwSr, see Wynne, 
Kec. a. S. 1., X, p. 132, and Theobald, ib. pp 140, 333. 
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on the lower course of the Soan. Sonic of the blocks have been mea- 
sured nearly 50 feet in ^irth and others arc even larg^er. In places sucli 
blocks have been found 20 miles away from the banks of the Indus. 

Indus floods. — The Indus, as is well known, is subject to extra- 
ordinary floods, due lo a portion of the upper valley l>eing blocked by 
landslips or, according to some, by glaciers, and to the sudden destriKttioii 
of the liarriers thus formed. Such floods occurred in 1S41 and 1S5S, 
and have doulitless taken place in past ages.' In the flood of 1841, the 
waters of the Cabul river were checked and forced backwards for 20 miles 
by the rise of the Indus; and Drew has shewn that the lake in Gilgit 
formed by the landslip in 1840-41 must have been 35 miles long, 
and upwards of 300 feet deep. Enormous quantities of detritus must be 
carried down by the violent floods produced by the bursting of such 
barriers, and if, as appears probable,^ the low temperature of the glacial 
epocli was f(;ll in India, such lakes at an elevation of 5,000 or C,0()0 feet 
above the sea would have been decjdy frozen in winter, and large blocks 
from the river bed and dam might easily have been embedded in the ice ; 
glaciers also in the North-Western Himalayas must have been more ex- 
tensive than they now are, and the formation of lakes dammed u]) by 
glaciers was probably of common occurrence. Shaw has callal attention t o 
the occurrence of heaps of stone and gravel of all sizes brought 80 miles 
down the Shayok, one of the tributaries of the U])per Indus in Ladiik, by 
blo(*ks of ice ; and a. similar action on a larger scale on the Indus may 
easily have sujqdicd the erratics of the Upj)er Ihmjab. If the Potwar 
was a lake, the dispersion of the erratic blocks is easily understood ; if 
not, the area over which the masses of rock are found may be due to 
variation in the course of the Indus, and to the reversed flow of its 
tributaries in great floods. 

Fossil shells. — In one locality near Fatehganj a number of land 
and fresh-water shells were found ^ in silt, apparently the same as 
that in which boulders are elsewhere imbedded. The species found, 
including Lpmiea rvfescms, Vlanorhls esrusiiiSy Paludina hengalcnsis , 
Byihhiia pulcliellay Melania tuherculata^ Bullmus insularisy Ojjeas gracilis^ 
&c., arc the same as arc now found common in the country, and it 
appears doubtful if they would have survived any very great diminu- 
tion of temperature. At the same time it is possible that the beds, 
containing shells may be of later date than those wifh boulders, 

1 For accounts of these floods, see Cunningham’s “ Ladak ” ; Montgomerie, J. A. S B., 
1860, p. 128; Shaw, “High Tartary, Yarkur.d and Kashghar,” p. 433, &c„ and Appendix, 
p. 481 ; and especially Drew, “ Jninmoo and Kashmir Territories,” p. 414. Numerous 
references to other necounts are given hy the hist-nained writer. 

2 See antCf p. 372. 

3 1. c., 1). 486. 

^ The Theobald, Roe. G. S. I., X, i». 141. 
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iSvajtiy lUiit^riak — Provisional limits of Himalayas — Map — General features — Three 
main divisions. The Sub-Himalayas : provisional conelnsioiis — General features — 
Early views — General ranpc of deposits — Classification — Petrolop^y — (Chiefly of 
fresh -wah*r origin — Structural conditions — Faults — Flexures — Middle and terminal 
•Suh-Ilimalayan regions — The Simla region — Oder of description. The SiRMtJB 
AREA — Unity of tlw! formation — Suhdtlin, Dagshai, and Kasauli groujis — Kelat.ion 
to the older rocks — Section at Subathii — Eastern limits of the Siriuur area — East- 
«‘rnnu)st outlier of the numuiulitic group. Siwalik Seuies ; Naiian auea — 'fho 
Nahan-Siwalik houndary — The Is’aluin-Sirin6r boundary. The Jumna-Ganges area 

— Composition in relation to the great rivers — Identitieation of hods in the two zones 

— SuggesUd eonnexion of the two zones in this area. The Gaurwal-Kumaun area. 
The MecAl area. The Sikkim-Ehutan area. UrpEu Assam area. 

Scanty materials. — Informatiou regarding the Himalayas would 
|>rohahly be the first demand made upon an Indian geologist out of 
India. In the eountry its(;lf it has been quite the reverse, and so it 
happens that up to date this information is most scanty. liegular con- 
tinuous work in the mountains has not yet been attempted hy the 
Survey, or has only just been begun, in the hope that cireumstances will 
permit of its being eontinued. The whole information iqioTi which to 
form an outline of this great geological region consists of Captain 
11. Strachey^s account of a portion of Central Tibet, Stoliczka^s observations 
in Western Tibet, and some casual seasons^ work, by members of the 
Survey, in the Lower and Sub- Himalayan ranges, besides isolated observ- 
ations of more or less doubtful validity by various travellers, whose 
principal objects of interest were not geological. As presenting some 
very marked uniformities of structure, the Himalayas as a whole have no 
doubt a continuous history ; but it would be impossible to make it out 
from such scant data as exist. Each portion of the Himalayan area has 
more intricate and intimate relation to the history of the whole moun- 
tain region than has, for instance, any particular basin of (xondwana 
rocks to the history of the peninsular area, so that a description of any 
part of the mountain chain is more dependent upon a knowledge of the 
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wliolc. We can only attempt to indicate such main features as have 
been determined, and to mate some conjectures on tlieir possible con- 
nexion. This very preliminary condition of our infonnation must he 
our excuse for a somewhat irregular method of presentation. 

Provisional limits of region. — The area to be included under the 
word Himalaya needs to be specified. As originally apjdied and accepted 
by excellent authorities, it would mean only the southern face of the 
Tibetan plateau ; wdiercas of late by geological wi-iters the name has fre- 
quently been used as equivalent to extra-peninsular India, with undefined 
outer limits. Both senses are about equally inconvenient, in o])posite ways. 
Although the name may Ijc retained in its nari’owcst sense to distinguish 
the Himalayan raiigc proper from other ranges of the same apparent 
system, it is also, as that of the principal, or at least the most famous 
member of the group, commonly understood to indicate the whole of this 
more or less parallel system of ranges. In these senses we shall here 
speak of the main line of snowy peaks betwe(m the Brahmaputra and 
the Indus as the Himalayan range, and of the Himalayan region as 
extending from the plains of India to the northern scaq) of the Tibetan 
jdateau. It is very possible, or even likely, that this geological region 
or mountain system, may hereafter ]yc very largely extended ; but until 
this is done upon a basis of observation, and to express a meaning 
more defined and substantiated than any as yet proposed, it would be 
more confusing ihan instructive to adopt a wider definition than that 
given above. For example, the tertiary rocks of the Poiwar and of 
Hazara (between the Jhelum and Indus) arc shewn to be continuous 
with those of the Sub- Himalayas, and to have been affected by the 
same disturbing causes; yet it is quite necessary to distinguish by 
name the two regions, as affected by total and abrupt contrast in the 
direction of disturbance, and of the resulting surface-features. It is 
certainly most convenient to restrict the word ^^Himalaya^^ in this definite 
intelligible sense, more or less in agreement with the meaning spon- 
taneously attached to it, rather than adopt a new name for the familiar 
ground, and extend the old one to a meaning without assignable limits. 

The geological contrast between i)eninsular and non-peninsular India 
is a very striking one : in the former the sedimentary rocks arc almost 
exclusively of fresh-water formation, while the corresponding deposits in 
adjoining areas are marine; again, the stratified rocks of the penin- 
sula, from the Upper Vindhyan time, have undergone comparatively 
little compression or alteration, while very late formations in the 
adjoining area arc universally more or less contorted. We can, however, 
keep in niiud the peculiar characters of the peninsular rocks without 
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extending the term "Himalaya ” on the grounds of such general features 
as marine origin, and disturbance, regardless of special distribution and 
structure. 

Map. — In the map attached to this work, the Himalayan area is 
corresj)ondingly more incomplete than the peninsula. The blanks arc 
larger, and such indications as are given are less exact, the lines having 
been more or less coiijecturally extended between the observations made 
on sejwate routes. Some important observations by Mr. Lydekker in 
the Kashmir region that are noticed in the text came too late for inser- 
tion on the map. 

Gteneral features. — So far as known, the Himalayas exhibit more 
regularity of structure than the Alps. There arc, no doubt, exceedingly 
knotty points to Ixi unravelled, but the continuity and similarity of 
structure which prevail over large areas greatly facilitate description, and 
give a promise of an ultimate understanding. On a good physical map, 
the regularity of the boundary between the mountain region and the plains 
of Northern India is a. very marked feature ; a steady gentle curve, 
convex to the west- south-west, without any interruption from spurs or 
semi-detached masses. Throughout great distances the main features of 
the mountains, both of structure and configuration, conform to this outer 
boundary, and thus we may conveniently take up the description in 
successive zones. 

Three main divisions. — Three such zones or natural divisions, of 
permanent significance, can be indicated. There is on the south a con- 
tinuous fringing belt of lower ridges, a])propriately known as the Sub- 
Himalayas, and composed of tertiary rocks. Between this marginal zone 
and the great snowy range there lies, througliout the whole length of 
the Himalayas to as far west as the Sutlej, a broad area, some fifty 
miles wide, consisting of irregular ridges of moderate average elevation, 
from 5,000 to 8,000 feet — some ranging up to 1^,000 — all largely made 
up of crystalline metarnorphic rocks, in very >bscure relation with some 
unaltered formations, the latter being for the most pai*t of very 
uncertain age. This great area, so well defined by position, and 
characterised throughout by extreme complexity of structure, may 
ai)j)ropriatcly be distinguished as the Lower Himalayan region. 
Although of course the most accessible and the most frequented 
part of the moun fains, it is the leiist understood. The great snowy 
range of the Himalayas projKjr belongs to what may be conveniently 
distinguished as the Central, or Tibetan, division of the mountains, which 
is characterised on the large scale by several parallel axes of gneissic 
rocks and intervening synclinal basins of little-altered, fossiliferous 
formations. To the west of the Sutlej, and actually on the strike of the 
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great Himalayan range, the hills next to the tertiary zone have this 
latter type of structure, and must be classed in the central divisiour 
This feature and the corresponding disappearance of the whole Lower 
Himalayan region at the Sutlej point to a fact which must be constantly 
kept in mind — that our observations and descriptions [refer chiefly to 
the (partially) terminal portions of the great Himalayan region, most 
of the middle Himalayas, in Nipal and to the north of it, being 
unknown to us ; so that the divisions and characters adopted in the 
nortli-westem portion may be inapplicable to the mountain region as a 
whole. It is, however, to be observed that the fundamental structural 
charairters^ from which the history of the mountains is to be made out, 
may be better exhibited where dying out than in the more elevated 
middle regions, where a deeper and intensified phase of disturbing 
eofiditions would be exhibited. 

The Sub- Himalayas.^ — Provisional conclusions. — The Himalayas 
being generally supposed to have been upraised in late tertiary times, 
the study of the tertiary rocks ought to be of special importance, as 
embracing the most active period in the history of the mountains. Since 
our sketch of this history cannot be very formal or conclusive, it may 
assist comp'ehension to indicate at the outset the provisional views sug- 
gested by the observations that have been made, up to the present, in 
the Sub-Himalayan region. If these points do not specifically agree 
with cuiTent anticipations, they quite bear out the important part taken 
l>y the tertiary formations, and the mention of them here will give a 
meaning and an immediate interest to the descriptive details. Some of 
tliosc provisional conclusions depend more or less upon single sections, 
on the report of a single observer, and the verification of them should be 
:in ol)jcct with eveiy competent explorer, either to confirm or confute. 
To j)rovokc this desinible service we will give dogmatic prominence to 
Ibe cj ucial points. It will be shewn — 

(1) , that immediately preceding the lower tertiaiy (nurnmulitic) 

period, the area defined as the Lower Himalayas must have 
been exposed to denudation as part of a land of doubtful 
configuration ; 

(2) , that the very ancient, slaty rocks of that land upon which, after 

depression, the marine nurnmulitic deposits were laid down, 
had then undergone little or no contortion, where they are 
now most contorted ; 

(3) , that during the deposition of an immense thickness of the 

up])cr tertiary deposits, the Himalayan region was already 

* For puMislicd descriptions of the Geology, see Mem. G. S. 1., Ill, Ft. 2 ; Rec. G. S. 1.,^ 
IX, p. 40. 
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defined as an area of denudation in which the great rivers 
were the same as are now found there ; 

(4) ^ that the topmost beds (Upper Siwalik) of the Sub-Himalayan 

tertiaiy series have undergone extreme disturbance ; 

(5) , that the operation of the forces by which this total of results 

was accomplished must have been most gradual. 

General features. — By abrupt difference of elevation and by contour, 
the Sub-Himalayan hills are evciywhere easily distinguishable from the 
much higher mountains to the north of them. They very commonly 
present a steep face to the south, with a more gentle inner slope ; and 
as a general rule they consist of two ranges, separated by a broad flat 
valley, for which the native name ^‘dun^^ (doon) has been adopted in India. 
When the outer of these ranges is wanting, as is the case below Naini 
Thl and Darjiling, the whole geographical feature might escape notice, 
the inner range being confounded with the spurs of the mountains. 
From a point of view whence all the surface features of this inner 
range can be seen, it will, however, generally be observed, that the hills 
are not branching extremities of the spurs from the main range, 
but true longitudinal flanking ridges, separated from the higher 
range by a line of gaps and goiges ; or at least there will always be 
noticed a rapid increase of elevation immediately inside the tertiary 
boundary. 

Two places are known, on the Bhutan frontier, where even the inner 
Sub-Ilimalayan ranire is wanting, and the marginal slopes of the plains 
reach to the base ot the Lower Himalayan region ; but with these 
exceptions the fringe of tertiary rocks is, so far as we know, continuous 
for 1,500 miles, from the Brahniaj^fitra to the Jhelum, which are the 
limits of the Himalayan region proper, as here restricted. West of the 
Sutlej, where the Lower Himalayan area ends, thei’e is an equivalent 
increase in the width of the Sub-Himalayan zone, made up by a repeti- 
tion of low ridges and intervening duns. 

Early views on Sub-Himalayas.— Soft, massive sandstone is the 
prevailing rock of the Sub-Himalayan ranges, but associated in very 
variable j)roportions, according to position, with conglomerates and clays. 
Owing apparently to some suspected connexion with the rock-salt deposits 
of North-Western India, these sandstones were considered by the early 
observers to belong to the New lied Sandstone of the European scale of 
formations. The Vindhyan rocks on the south of the plains were 
regarded at the same time as Old Red Sandstone ; and on the strength of 
these identifications borings were recommended, if not actually under- 
taken^ along the mai-gin of the plains, to find the carboniferous formation 



522 


GEOLOGY OF INDIA— SUB-HIMALAYAS. 


[Chap. XXII. 


with its coal.i Jt was the discovery of the famous Siwalik fossils in 
the outer range of the hills that established the true age of these rocks. 
Sir Proby Cautley (then Lieutenant Cautley, r.a.) seems to have 
been the original discoverer of those fossils, prior to 1832 ^ ; and the great 
collections were subsequently made by him and Dr. Falconer, and 
described by the latter, chiefly in the Fauna Antiqua Sivalensis and 
Palaeontological Memoirs. Long after the publication of the tertiary 
age of the Siwalik rocks, until the examination of the ground by the 
Survey, the sandstones of the inner range flanking the mountains were 
still regarded as secondary. 

General range of these deposits.— The whole of the Sub-Hima- 
layan zone is formed of these tertiary rocks, with the exception of some 
inliers of palaeozoic limestone in the north-west, where the area is broadest.^ 
At this western extremity of the range, on the Jlieliim, the whole 
sedimentary scries undergoes an abrupt change of strike, and the tertiary 
formations, without break of continuity, thus sweep into the Potwar 
(the upland north of the Salt Range) and across the Indus, passing down 
into Sind. 

In the other direction, the breach of continuity mentioned in the 
Sub-Himalayan hills on the Bhiitan frontier applies also su])erticially to 
the rocks, no outcrop of the sandstones having been detected in this 
position. It is thought that they are only concealed, having been 
denuded, and then covered up by the diluvial gravels ; but it may be 
that they arc altogether wanting, for in this neighbourhood, in Lower 
Assam, detached hill masses, formed of gncissic rocks of the peninsular 
type, approaeli nearer than anywhere else to the Himalayan border. At 
one spot, indeed, on the east bank of the Raidak (E. long. 89° 47'), 
Mr. Mallet observed a small boss of this southern gneiss far within the 
tertiary zone, and only a few hundred yards from its inner boundary. * 
The sandstone intervened between this boss and the very different 
metamorphic rocks of the mountains; its contact with the gneiss 
forming the boss was not seen, but we may presume that the relation is 
one of simple superposition, and that we have here the local extra- 

* 111 Notes on tlic Economic Mineralogy of the Hill Districts of the North-Western 
rroviiiees of India, hy E. T. Atkinson, B.A., f.r.o.S., Bengal Civil Service, 1877, the 
following nnnurk occurs “ But it has never yet been sotlled whether coal does or does not 
exist in Kumaun, and until this question has received the attention duo to it, the eventual 
absolute success of the Kumaun mines must remain problematical ” (p. 7). Thci'c is no 
further allusion to coal, to indicate upon wdiai facts this hope of its (x'currcnce is based. 

It may be only a survival of the primitive idea inentioncd in the text. 

* Jour. As. Soe., Bengal, Vol. 1, p. 219, 18a2. 

^ Mem, G. S. 1., XI, 14., 
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Himalayan base of tbe tertiary series^ the natural junction of such 
extreme types of rock indicating an equivalent geological breaks even 
the nummulitic beds being absent. These gaps in the tertiary zone do 
not, however, quite correspond with the nearest approach of the southern 
gneissic rocks, but lie somewhat to the west ; and it may be more to the 
point to notice that they occur exactly in front of the great gap between 
the Assam range and the Rajmahal hills through which all the Hima- 
layan drainage i)asses to the Bay of Bengal. It seems at least probable 
that the sandstones once were continuous across these gaps, though no 
remnant of these tertiary beds may now be left beneath the superficial 
deposits; and at all events it is certain that theSub-IIimalayan hills and 
rocks occur again in full force and characteristic form throughU pper Assam 
to the Brahmaputra, where, as on the Jhelum at the western extremity 
of the range, they bend round across the head of the Assam valley, and 
there conform to a system of disturbance having a totally different 
direction from that of the Himalayas proper. All this takes place in a 
very remote wild country, inhabited by savage tribes, outside the limits 
of British occupation, so no details of the feature are known beyond the 
facts given. 

Besides the case described in Lower Assam, the only other position 
within or close to the Sub-Himalayan region where we find an extra- 
Himalayan base for the Sub -Himalayan series is in the Punjab, on the 
south side of the Rawalpindi plateau, or Potwar, where lower or middle 
Siwalik sandstones rest with quasi-conformity on the nummulitic lime- 
stone capping the oidor fossiliferous series of the Salt Range, as already 
described in the preceding chapter. Over all the intermediate country, 
from cast to west, the southern limit of the tertiary rocks is altogether a 
matter of conjecture, for no trace of them is found along the southern 
edge of the plains, where from beneath the alluvial deposits the most 
ancient formations of peninsular India crop out ; unless, indeed, we arc 
to recognise them, as has been suggested, in the deepest beds of these 
plains deposits themselves. 

Classification. — From the familiar terms "nummulitic and" Siwa- 
lik used parenthetically in preceding paragraphs, it may be observed that 
the Sub-Himalayan system contains a pretty full representation of the ter- 
tiary scries as generally understood, the former deposits being eocene and 
the latter in part pliocene. The deposits do ample justice to this extended 
period, their aggregate thickness being computed as between 12,000 
and 15,000 feet, or very much more if we take the maximum thickness 
of different portions in different positions. 

Within this region the vertical limits of the series are very well 
defined, the nummulitic beds at the base are everywhere in abrupt 
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contact with immensely older rocks, presumably palaeozoic; while the 
topmost Siwalik beds areas often as not vertical at the edge of the plains, 
and are thus in the sharpest possible stratigraphical contrast with the 
])ost-])lioccnc and recent deposits. For use within this special region 
the following classification may be adopted for the Sub-Himalayan form- 
ations : — 

(Upper. 

^ Siwalik series < Middle. 

o Ti . \ I Lower (Naliaii). 

Sub-Himalata>’ 1 V V / 

System. j rUpper (Kasauli). 

\Sirm6r series Middle (D.-ig'shiii), 

(Lower (Subatliu : iiuinmulitie). 

The enunciation of a classified list of formations ought at once to 
facilitate the progress of description. We should be able to take up each 
so-called group and point out its exact range. For the bottom and top 
divisions of our list/ — the Subathu and the TJppcr Siwalik — this might 
1)C roughly done ; but we should utterly break down in attempting a con- 
tinuous delineation of the middle zones. This failure is highly 
suggestive of error ; but recognised confusion may be a safer state of 
progress than imposed order ; and the compromise to be suggested is that 
no single group-list will ever suit the different sections of the Sub- 
Ilimalayan zone ; e, the break between the Siwalik and Sirmitr divi- 
sions, which is the most marked feature in the Simla region (accord- 
ing to the interpretation given), ceiiainly disappears before reaching 
the Jhelum. Such discrepancies will not surprise any one who can per- 
ceive that the Himalayas have been in great part formed synchronously 
with the deposition of the tertiary scries between the Subathu and U 2 )per 
Siwalik groups. 

Under these difficult circumstances we must crave the reader^s 
indulgence for a less regular form of treatment than has been followed 
in the i)rcceding chapters, and for the introduction of discussion upon 
elementary questions not hitherto mentioned, because these are of crucial 
iinporlance in the mountain -sections. A brief abstract account of each 
division will be given, and for furiher details reference must be made to 
the descrii)tions of the separate areas. 

Petrology. — Sandstone immensely preponderates in the Sub-Hima- 
layan dei)osits, and is of a very persistent type from end to end of the 
region and from top to bottom of the series. Its commonest form 
is undistinguishable from the rock of corresponding age known as Mol- 
lasse in the Alps, of a clear pepper and salt grey, sharp and fine in grain, 
generally soft, and in very massive beds. The whole Middle and Lower 
Siwaliks are formed of this rock, with occasional thick beds of red clay 
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and very rare thin, discontinuous bands and nodules of earthy limestone, 
the sandstone itself being sometimes calcareous, and thus cemented into 
hard nodular masses. In the Sirmdr group generally, and locally in the 
Lower Siwaliks, the sandstone is thoroughly indurated and often of a 
purple tint, while retaining the distinctive aspect. In the Upper Siwaliks 
conglomerates prevail largely ; they are often made up of the coarsest 
shingle, precisely like that in the beds of the great Himalayan torrents. 
Brown clays occur often with the conglomerate, and sometimes almost 
entirely rcjdace it. This clay, even when tilted to the vertical, is undis- 
tinguishablc in hand specimens from that of the recent plains deposit ; 
and no doubt it was formed in a similar manner, as alluvium. The 
sandstone, too, of this zone, is exactly like the sand forming the banks 
of the great rivers, but in a more or less consolidated condition. Thus 
it was suggestive, and not Jiltogethcr misleading, to say that the Siwaliks 
were formed of an upraised portion of the plains of India. 

It is only the bottom member of the series that departs widely from 
the prevailing type of Sub-Himalayan rock. The Siib^thu group with 
nummulites is, of course, marine. Its most distinctive, though not most 
abundant rock, is a thin-bedded limestone, more or less pure or earthy, 
associated with clear brown, olive and red, fine crumbling clays ; and these 
latter pass up by interstratification into the strong red clunchy clays, 
alternating with sandstones, of the middle Sirmdr horizon. 

Chiefly of fresh-water origin.— The fresh-water origin of the 
Si walik formation seems almost as indisputable as the marine origin of the 
Subathu beds ; yet, lately, it has been usual to consider the Siwaliks 
marine. The notion was probably a relic of the opinion, that a water 
basin was an essential condition of the extensive accumulation of deposits, 
and that a sea margin would be required for such a great spread of shingle 
as that of the Siwalik conglomerates. The same opinion, on the same 
grounds, has been extended to the plains deposits themselves. 

The continued experience that the fossil remains in these tertiary 
strata are exclusively of land or fresh-water organisms, made this view 
untenable ; and in time it came to be realised that the deposits themselves 
bear out the same opinion : the mountain torrents arc now in many cases 
engaged in laying down great banks of shingle at the margin of the 
plains, just like the Siwalik conglomerates ; and the thick sandstones and 
sandy clays of the tertiary series are of just the same type of form and 
composition as the actual deposits of the great rivers. 

Beds of this character alternate with the upper beds of the Subathu 
group ; so it seems probable that from early tertiary times the sea has 
been excluded from the Sub- Himalayan region, and that the -.vhole of 
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the Sub-Himalayau deposits, above the Subdtliu group, are fresh-water 
and fluviatile, and formed on the surface of the land. Tliey are in fact 
siibaerial formations, like the river alluvium and bhdbar deposits of the 
present day. 

The striking agreement in character between the Sub-Himalayan rocks 
and the actual deposits now in progress of fonnation from Himalayan 
debris, at once suggests that the mountain border must have been to some 
extent defined, and the Himalayan area undergoing denudation, from 
early tertiary times ; and it will be seen from the distribution of the 
Siwalik conglomerates, that during the later tertiary times the configura- 
tion of the mountains must have been very similar to what it is now. 

Structural conditions. — Tlie validity and meaning of the classifica- 
tion of the Sub-Himalayan tertiary formations depend so much upon the 
interpretation of certain leading and constant features of the sections, 
that it is absolutely necessary to preface the descriptions of these features 
by a brief discussion of certain elementary stratigrai)hical characters of 
somewhat exceptional application. Although, of course, not required for 
the experienced geologist, these explanations will surely be of use to some 
w’ho may atiemj)t to extend our ol)servations. 

The distinction between the original relations of rocks, those resulting 
from the conditions at the time of formation, and the relations induced 
by subsecinent disturbance is perfectly clear in thought and in fact. In 
practice, however, it is often most difficult to discriminate between these 
nJations, and the confusion is at tlie root of many a disputed position. 
The reader of the foregoing chapters may already have perceived this in 
connexion with the question of the nature of the basins of Gondwana 
rocks (pages 103-106). In the Himalayan sections it is of special 
difficulty and interest, as bearing upon the question of mountain forma- 
tion ; and some preliminary indications are necessary to a comprehension 
of the case. 

The most remarkalde structural features in the Sub-Himalayan zone 
consist of long lines of abruj)t contact of highly contrasting rocks, in 
which, as a rule, the newer strata dip towards, and so apparently under, 
the older ; and in most cases the beds on both sides of the junction are 
in normal order, i. . e., not inverted. As exposed in the sides of steep 
valleys, the V-shaped outcrop of the plane of contact, pointing up the 
valley, towards the older rocks, shews indisputably that these latter are 
to that extent superposed on the newer. It is quite certain that this 
could not have been an original relation of these contiguous formations. 

Faults.— In every region which has undergone disturbance to any 
extent there occur what geologists call faults — fissures along which the 
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rocks on either side have moved up or down, or up on one side and down 
on the other, resulting in a separation of the once continuous strata. Side 
movement along the fissure may also occur, but this effect is not here 
considered. When the fissure is vertical, the displacement is altogether 
vertical ; but when the fissure has a slope, there is a horizontal effect also : 
if the mass on the upper side move downwards, the ends of the broken 
beds retreat from each other, leaving a gap between the broken ends of 
the several strata ; but when the opposite movement occurs, the ends of 
the several beds overlap, so that the newer underlies the older, and a 
vertical line would pass twice through the same beds on opposite sides 
of the fault. This latter kind is the least common, and so has come 
to be called a reversed fault. It is clear that horizontal pressure 
on opposite sides of a sloping plane of fracture tends to produce reversed 
faults^ the movement on the inclined plane being always in the direction 
of the force producing it. 

The feature mentioned as so common on the Himala)’^an border has 
prirnd facie the appearance of a reversed fault. Off-hand judgments arc, 
however, very dangerous in complicated cases : a fault that was origin- 
ally vertical and normal might easily assume the condition of a reversed 
fault by a suitable tilt in the whole mass, and it is easy to see that the 
original relations of rocks might be similarly deformed beyond prmd 
facie recognition. The word ^Meposit^^ suggests chiefly a floor of de- 
position, and other limiting conditions are liable to be lost sight of. We 
hear, indeed, of geological shores, but chiefly in the sense of shallow 
bottoms j yet all of us are familiar with cliffs and slopes of every degree. 
Although due to erosion and always, as cliffs, subject to denudation, 
these may also form surfaces on and against which deposition may 
take place, and the resulting rock-feature must always bear more 
or less resemblance to a fault — discontinuous rocks in steep juxta- 
position. It is, moreover, certain that subsequent compression might in 
this case also produce the resemblance of a reversed fault — the overhang- 
ing of older upon newer strata. 

These evident chances of deception call for careful examination of 
the ground in certain cases, and we arc not without tests, more or less 
trustworthy, according to circumstances. A fault, as such, unless it occurs 
in the bedding or along some other plane of original contact, implies the 
same series of rocks on each side — that any bed on the downthrow 
side can be found on the upthrow side, unless removed by denudation ; 
and that any bed on the upthrow side can be found on the down- 
throw side, unless buried out of sight. Straightness of direction is 
another special original character of faults, any departure from which 
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woulJ gcneially be due to inequalities in the resisting medium when the 
fracture was made ; and in proportion to the magnitude of the fault this 
interference would probably be ineffectual. Another important criterion 
bet ween a faulted and an original contact should be found at the very 
contact itself, and in proportion to the magnitude of the fault. It is 
certain that slips do occur in the interior of rock masses with scarcely 
any ])crceptiblc effect of crushing or of friction ; and it is intelligible 
how this may take place ; but there must be a general tendency io such 
effects, and oftiCn they are most marked. In the case of these reversed 
faults — the result o£ lateral compression — the friction must be prodi- 
gious, and its effects conspicuous. On the other hand, a steep surface of 
original contact, by deposition, would have a quite different appearance ; 
although this, too, would be greatly disguised by subsequent compression, 
such as would convert a normal into a reversed sloj)e of the junction. The 
leading structural lines so marked in the Sub- Himalayas exhibit mixed 
characters ; in some the evidence is very strongly in favour of faulting ; 
in others there is very decided evidence that the feature is principally 
aboriginal.^ 

Flexures. — These special lines, the right comprehension of which is so 
essential to an understanding of the mountains^ history, are in some cases 
traceable into connection with the known direct effects of disturbance, 
which in this region observe a decided prevailing type, that of normal 
flexures with the axis-plane inclined towards the mountains.^ The 
familiar form of the Sub-Himalyan hills is a direct result of this 
structural character. The detached Siwalik ranges arc mostly formed 
of a single flexure, the stee]) southern or outer face corresponding with 
the high dip of the beds ; or else, the strata on this, the southern, side 
of the axis have been removed by denudation, exposing the scarped edges 
of the gently sloping strata on the north side. This low dip becomes 
more or less horizontal, and so forms the area of the typical ddn, or 
longitudinal valley, of the Sub- Himalayan zone. 

Middle and terminal Sub-Him^ayan regions.— As there arc 
gai)s of some 50 to 200 miles between several of the known sections of the 

* In geological language, this word must mean — from the commencement of the 
relation, i. e., from the date of formation of the newer rock, 

2 Professor H. D. Rogers’ classification (Geology of Pennsylvania, 1858) of the un- 
dulatioiis of strata will he found most useful : the symetrical flexure, when the inclinations is 
the same on both sides of the axis ; the normal flexure (so-called, perhaps, because, the 
most common in mountain regions), when the dip is gi’eater on one side than on the other ; 
and folded flexure, when the steeper dip has been pushed beyond the vertical, the beds 
ou that side being then inverted. The axis^plane is the plane bisecting the angle between 
the opposite dips. To the above we may add the monoclinal flexure, when the beds on 
one side are hori%ontaL 
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Sub-Himalayan zone, the description must be similarly broken, and this 
method will also best suit the imperfect state of our knowledge even 
where observations have been continuous. The conditions of the ground 
lend themselves to this method. One very marked natural division of 
the Sub-Himalayan rock-features corresponds to the termination of the 
Lower Himalayan region, about the seventy-seventh parallel of east 
longitude. East of this line, only the upper tertiary rocks are found, 
forming a mere fringe to the Lower Himalayas, and consisting often of a 
single range of low hills immediately flanking the mountains ; whereas, 
to the west, there are always several ranges of Sub-Himalayan hills, 
and the zone is sometimes 60 miles wide. As the word central has 
been already applied to a division of the mountains in the sense of 
axial, and as distinguished from lateral, so the word middle will l)c used 
in a transverse sense, as distinguished from terminal ; and thus the 
contrast here indicated is between the terminal, north-western, portion 
of the zone and the middle portion. We do not know enough of the 
far eastern region to say whether there are any corresponding terminal 
features in that direction. ^ 

The Simla region. — The discrepancies that have been mentioned in 
the classification of the tertiary series on different sections are chiefly 
connected with this general change of the mountain features, and so 
the position is one of special imporfancc. For the older rocks, also, the 
terminal area of the Lower Himalayas will be shewn to be of peculiar 
interest, so it will be convenient to give this tract a distinguishing name 
as the Simla region ; the name being, of course, derived from the favourite 
hill station which stands in the middle of the area, on the watershed 
between the Sutlej and the Jumna. It is here we find the original 
type area of the Sirmdr series, where a remnant of these lower tertiary 
formations has been elevated on the margin of the Lower Himalayas* 
To the east the series disappears altogether, and to the west it passes 
down into the Sub-Himalayan zone. Corresponding to this elevation 
of the lower tertiaries, we find here a total separation of them from the 
upper series ; and there is evidence to suggest that the relation between 


* The words inner and ouier are of frequent use in the desci*iption of mo\iutain 
structure. With some writers they have reference to a point external to the range, to an 
imaginary centre of dispersion of the disturbing action. In the text these woi*ds will be 
used with reference to contriil (axitd) ; and as our description chiefly refers to the southern 
face of the mountain region, this use will not conflict with that other sense of the words, for 
from that point of view the wave of lliuialayun disturbance is supposed to have come from 
the north. 

Longitudinal and fransvertte or lateral arc als») terms of frc?qncnt use in descriptions oi 
mountain structure ; they refer to diiectioiis with, or across, the axis of the range. 

1 1 
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the two is of the nature of an unconformity. Here, too, we find 
evidence for at least a local unconformity in the upper tertiaiy, or Siwalik 
series. It seems possible that these two important features may be 
generally characteristic of the whole middle Himalayan area ; while 
it is certain that to the north-west neither supposed unconformity is 
maintained, and other stnictmal features are introduced different from 
any observed in the middle area. 

Order of description. — Following these indications, we will first 
examine these apparently more decisive sections of the Simla region, 
and then the other areas of the middle Himalayan ground to the east. 
We will then return and describe the expanded tertiary zone to the north- 
west, in the Kangra district and the Jamu (Jummoo) hills. 

The Sirmur area. — The typical area of the Sirmdr series is not 
in the Sub- Himalayan zone, but on the margin of the Lower Himalayas, 
at their exf j*emity, where the boundary sweeps round to the north up to 
thebase of theDhauladhar.' At this edge of the mountains, convex to 
the south-west, a remnant of the lower ku'tiary formations has been pre- 
served, upraised on a basis of the old rocks. The occurrence foi*ms 
thus an exception to the cornj)lek correspondence between the expressions 
Siib-Himalayaii rocks and Sub-Himalayan area ; and we have to put ui> 
with the anomaly of taking our type section of the lower series of the 
Sub-Himalayan system from the Lower Himalayan area. Although 
spoken of as a remnant, the formation here occupies a considerable extent 
of ground, stretching from the Sutlej for 70 miles to the eastward to 
within 15 miles of the Jumna, and locally as much as 10 miles wide. 
All the cast end of the area is in the Sirmdr State, so this name has been 
taken for the formation. 

Unity of the formation. — In a more important sense than relative 
size, the tertiaries of the Sirmur area are not properly a remnant. Al- 
though the latest beds of the series are only found in a few places, they 
form, with the lower deposits, a series of very complete facies and unity, 
presenting a gradual passage, by interstratification, from exclusively calca- 
rio-earthy marine beds at the base, through clays and sandstones, to an 
exclusively sandy band at top, in which fossil leaves of plants arc locally 
abundant, suggesting the natural local consummation of a continuous 
process of deposition. This character is of much importance in discuss- 
ing the relation to the Siwalik series immediately to the south. 

Subathu, Dagshai, and Kasauli groups. — The nummulitic 
rocks of Subathu were first described by Major Vicary in 1853 * ; and 

^ Q. J. G. S., IX, 1853, 11. 70. 
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the fossils collected by him were included in the Description des animaux 
fossiles du Grovpe Nnmmuliiique de VInde (1853) by D^Archiac and 
Haime, from which work the following list is taken. The authors 
remark upon the great contrast between these fossils and those from the 
nummulitic beds of the Salt Eange and of Sind ; a contrast especially 
shewn by the total want of corals, bryozoa, echinoderms, and crustaceans 
in the collections from Subathu. This discrepancy may perhaps to some 
extent be accounted for by the prevailing muddy character of the Sub- 
Himalayaii nummulitic deposits as compared with those to the south- west. ^ 


Physa ? nummuUtica, 
e * Natica fflaucinuides* 
e* N. mutahilis. 
e* jS. Rouallu 
e N- epiglotiina. 

N. ci/proiformis, 

2'urhu oldkeimi. 
Turritella suhathooensis, 
T. suhfasciata. 

Ccrith in m j elumensc, 

C. strachtyi. 


GASTEKOrODi.. 

C. hooJceri. 

Km us mn Ico Imsoni, 

F. macclcll and i. 

F, ohscurus. 
Rostellaria rimosa. 
Hitcfdnuniy sp. indcl. 
Yoluta multidcntata ? 
e Terehellum fusiforme. 
e Anctdlaria oUvula. 
ComiSy 2 sp. indet. 

Lamellibbanchiata. 


Panopaat 1 suhelongaia, 
* Corhida suhexaraUi. 
Donax crassa. 

Cyprina ? suhathooensis, 
C, transversa, 

C. semilunaris, 

Venus gumbcrensis. 

V. suhg umber ensis. 

V. pseudoniiidula, 

V. everesti, 

V, subevcresti. 


V, subcyrenoidvs, 

V, nucleus, 

V, semicircularis. 

* Cardita subcomplanata, var. 
C. dtpressa, 

C, mutahilis, 

Cardium jacquemonti, 
Cypricardia vicaryi, 

C. Jaba, 

Area, sp. 

Avicula rutimeyri. 


Fobaminifeba. 

€ * NummuUtes lucasana, var, 1 c * iT. spira, 

c* N, beaumonti. 1 


Those marked e occur in Eiiropc. 
„ „ • „ Sind. 


' Compl(‘te rcilianec cannot he placed in the recorded distribution of these fossils. In 
the brief stratifyra])hical sketch pfiven on papfcs 175 and 170 of the work, there are several 
important errors, none of which occur in Major Vicary’s own account (/. c.) ])ublished in 
the same year ; such us the occurrence of larp^c mammalian fossils in beds immediately 
overlying the iiummulitics near Subathu. Reference was made to Major Vicary on these 
points : he declared the statements to be erroneous, but could not explain the confusion 
that a])]»cared in the account of MM. D’Archiuc and liaiine. (Mem. G. S. I., Ill, pt. 2, 
p. 1)3, note). 



532 GEOLOGY OP INDIA— SUB HIMALAYAS. [Chap. XIII. 

In the Sirmur area, the prevailing rock of the Subathu group is a 
fine, pale yellowish-brown, crumbling clay with occasional calcareous 
bands, or locally some thin beds of purer limestone ; dark-greenish shales 
and sometimes harder sandy beds occur. Even within this small area the 
thickness of the group varies from 200 to 1,000 feet, as well as can be 
estimated in these very disturbed sections. At the top of the group, beds 
of red clay or shale alternate with the typical Subathu rocks, and 
more or less rapidly increase to the exclusion of the others, with the 
introduction of thick beds of hard purplish sandstone. Thus a gradual 
transition takes place into deposits of strikingly different aspect. The 
Dagshai ridge is entirely made up of these red clays and hard purplish 
sandstones of the middle Sirmur group, which must have a thickness 
of 800 to 1,000 feet. The sandstone has quite the composition and 
texture of the Siwalik rock, and when from any local cause it is less 
indurated and has lost its colour, the two arc undistinguishable. The 
red clays gradually disappear, and on the Kasauli ridge, and elsewhere, 
we find some 600 to 800 feet of sandstone, with only occasional 
partings of grey sandy shale, in which the leaves of plants are locally 
abundant.^ 

The separation of the Kasauli and Dagshai horizons is, of course, 
less marked and less significant than that of the Subdthu group ; and 
the two would go well together as upper Sirmurs, as distinguished from 
tlic marine nummulitic deposits forming the lower part of the series. But, 
as suggested already, the further distinction is important for purposes 
of local comparison. A thickness of 2,000 feet is the least assignable for 
the series in the Sirmdr area, the whole mountain mass being formed of 
it, from the water level in the Sursulla, at an elevation of about 2,000 feet, 
to the summit of Kasauli (6,335), within a horizontal distance of less 
than two miles ; but the disturbance is everywhere excessive. 

Relation to the older rocks. — The first thing to notice is, that 
the Sirmur rocks in the Simla region do not rest upon the top group of 
the older formations. All the strata are so tremendously crushed 
together, and the junctions for the most part so steep, that the true 
relation is not apparent at once. The newest group of the old, pre- 
tertiary, rocks is unquestionably the massive limestone, underlaid by a 
great thickness of flaggy slates, forming the conspicuous hills of 

^ Two of these localities may be indicated : one is on the lower Mall, at Fasauli, at a 
projecting- angle al^out a quarter of a mile south of the water tunnel ; the other is some 
miles north of Kasauli, on the Iliidi road, near the stream in the chief re-entering angle 
on tlic east side of the mnin ridge. The leaves wei’c roughly identitied as belonging to the 
natural families of ISapindacetCt EHcaceas, LauraceWy MoraceeSy Cyv.adeaceccy Coni/ercPy 
Palmacerr, Cj/pcraccccy and Gramhi€<s. — Mem. G. S, I,, III pi. 2, p. 07. 
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the Boj and the Krol on the new road to Simla. The main tertiary 
outlier lies to the south of the Boj, the junetion passings under the 
flank of this mountain and along two spurs, the opposite sides of which 
are formed of highly contrasting formations, with converging dips, 
flaggy slates on the north-east, and thick sandstone and red clays on 
the south-west. But the deep valley between the Boj and Krol is also 
occupied by the bottom tertiary deposits. In the very great majority 
of exposed sections of the contact, it would be impossible to assert 
positively that the existing relative positions are not due to faulting ; 
but crucial sections are to be found ; and one such would be enough to 
prove that the old rocks had been deeply denuded before the tertiary period. 

Section at Subathu. — ^Within the station of Subathu a typical 
section of this kind is well exposed. The small flat space north of 
the parade-ground is on a surface of soft nummuHtic clay, the outcrop 
of steeply compressed beds, on both sides of which the slaty flags pro- 
trude. Down the sides of the valley to the north-west the contact 
can be followed continuously, and it is unmistakably an original 
junction. The feature is a synclinal fold, and the same bottom layer 
of the Subathu group, a peculiar pisolitic ferruginous clay, is in 
contact with the slates throughout. The horizon of these slates is 
many hundred feet below the base of the Krol limestone; it may 
even be below the Blaini Umestone, which is itself at least 1,000 feet 
below the Krol : these deiails remain still to be worked out. 

Another very important relation is apparent in this section at 
Subdthu : the same synclinal fold affects the slate series, approximately 
the same layer being at the contact throughout ; from which conditions 
wo may certainly conclude that these slates were still approximately 
flat at the beginning of the tertiary period. This zone of the moun- 
tains is at present one of extreme contortion, most, if not all, of which 
therefore dates from that late period. 

There is other evidence from the Subathu sections that the prenum- 
mulitic surface here was very, and suddenly, uneven. In the little 
section of local bottom beds near the parade-ground, including alto- 
gether, perhaps, 200 feet in thickness, the red clays of the middle 
Sirmur, or Dagshai, type are already represented, and this group is found 
in force ascending the ridge to the south-east ; while in the steep flanks 
of the ridge under Subathu on the south-west, a much greater thickness 
is found of the brown and olive clays and thin limestone of the Subathu 
group. A still greater thickness of these purely nummulitic beds 
occurs in the sections along the south margin of the outlier, just inside 
the main boundary. These facts seem to indicate that there was here 
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some approach to a margin of tlie nummulitic sea, the features of whi(;h 
(whether shore or sea bottom) must have consisted of steeply scarped 
flat masses of horizontal palseozoic strata. A reasonable objection to the 
introduction of any actual shore here may be found in the total absence 
of anything like a shore deposit along so steep a coast-line. Even small 
pebbles are very rare in the . Sirmdr series at any point, and the 
Subathu group is almost exclusively made up of very fine mud, the 
calcareous clement being quite subordinate in it throughout the Sub- 
Himalayan region. 

Limits of the Sirmur area. — The lower tertiaries of the Sirmur 
area do not quite form an outlier, as they are not completely cut off 
from the Sub-Himalayan zone. A narrow band of Subathu l)eds, less 
than a quarter of a mile wide, crossing the Sutlej at Dihar, connects the 
Sirmur area on the north-west with the innermost Sub-Himalayan zone 
of the Kfiiigra area, where the nummulitic group soon disappears 
altogether, and is covered by higher beds. To the south-east the 
Sirm fir rocks have undergone the very opposite effect : owing to a general 
elevation in that direction, the counterpart of the depression to the 
north-west, they have been altogether removed by denudation; the 
bottom beds are the last left, high on the ridge, about 10 miles east 
hy north from Nfihan. The south boundary of this area is an exceed- 
ingly regular and well-marked feature, an abrupt junction with the 
younger tertiary formations. The nature of this boundary will form 
an important subject of discussion in connexion with these latter rocks. 
The inner boundary of the Slrmurs in the Simla region is different from 
any other connected with the Sub-Himalayan rocks : at a few places, 
as along the south-easterly spur from the Iloj mountain, the sandstones 
and clays of the middle horizon occur abutting steeply against the 
slates ; but for the most part the junction is found in low ground, with 
the Subathu clays at the contact, almost ahvays steep and much crushed ; 
and straggling extensions from the main area of the Sul)athu group (*an 
be followed amongst the old rocks, as, for instance, the band passing north 
of Subathu nearly up to Solan, between the Boj and the Krol. Several 
small outliers of bottom Subathu beds have also ))ecn observed, folded 
up in the slates, as may be seen on the old Simla road, above the 
Haripur rest-house, close to an outcrop of the Blaini limestone. Over 
the whole of this area, the massive Krol limestone, and a great thickness 
of the underlying slates, must have been denuded before the deposition 
of the Subathu group. 

Easternmost outlier of the nummulitic group. — This is the 
fittest place to mention the one small outlier of the Subathu group that 
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has been observed east of the Sirmiir area. A small patch of brov^n 
nummulitic clay occurs near the village of Bon, in a depression of the 
ridge of slates at the east end of the Dehra d&n over Bikik^s. The 
outlier is quite isolated^ and some miles north of the Lower Himalayan 
boundaiy. As this ground, east of the Ganges, has been little examined, 
it is not unlikely that other such remnants may yet be found there ; but 
any large area of these rocks, west of Nepal, would probably have been 
brought to notice. 

It is thus still an open question, whether the nummulitic formation 
ever extended continuously along the southern face of the Himalayas, 
for no vestige of it has been found in the Sub-Himalayan zone of the 
middle region. The fact that the nearest known rocks of eocene age, 
at the west end of the Assam range, in the Garo hills, are made up 
exclusively of fine clays, precisely like those of SubAthu, need only 
suggest similarity of origin. In both positions there is a marked absence 
of i)urely marine deposits; while in both cases these ai*e introduced 
extensively away from the middle region, to the north-west beyond the 
Jhelum, and to the east in the Khasi hills. The Assam range is, indeed, 
outside the Himalayan border, but this border, as we know it, has been 
in great measure defined in post-nummulitic times. It was, however, 
approximately fixed, as now, in earliest Siwalik (Nahan) times. Such 
a change of feature implies a great break between the deposits preced- 
ing and succeeding it ; and this is a suggested measure of the possible 
separation of tlie Sirmur and Siwalik series in the Simla region and 
throughout the middle Himalayas. 

Siwalik series : Nahan area, — It was in this Nahan area that 
by far the greater part of the original collections of Siwalik fos- 
sils were made, on which account alone this ground must be considered 
classical. It was here, too, that the study of these formation^ was first 
taken up by the Survey ; and it so hapjxjns that the sections are peculiarly 
favourable for observation ; or at least, features are here exposed that 
have not as yet been observed elsewhere, and that certainly are generally 
concealed. This exceptional character might indeed be reasonably 
taken as an objection to considering this ground as a standard of inter- 
pretation for any larger region ; however this may be, it is certain that 
the facts here exposed give us the means of stating, in the clearest 
manner, one important condition of this question of intcipretation, upon 
which the truth of our history of this mountain region must depend. 

The area thus peculiarly circumstanced, in the neighbourhood of 
Nahan, does not at all correspond in length with the adjoining Sirmdr 
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area. The latter extends to the Sutlej ; whereas, in the Sub-Himalayaii 
zone, ilie features of the western region begin where the boundary of the 
Lower Himalayas first trends northwards, near Kalka. Just cast of this 
point the width of the Sub-Himalayan zone is at its lowest. The lower 
Himalayas themselves are here somewhat protuberant southwards ; but 
there is no exceptional compression of the upper tertiary rocks ; the 
corresponding reduction in width of the fringing tertiary zone is effected 
by the absence of any trace of a dun. From the west end of the 
Kaiarda dun, which is the trans- Jumna continnation of the Dehra dun, 
to the cast end of the Pinjor dun, which is the cis- Sutlej continuation 
of the Una dun, the outer Siwalik hills arc confluent, for a length 
of nearly 30 miles, with those on the north of the Pinjor and Kaiarda 
diins ; so that the junction of the rocks forming these distinct ranges 
can be closely followed for that distance. It was from the examination 
of tliis junction that a clear separation was proposed between a Siwalik 
and a Nahan group. It is not yet proven that such a separation is not 
maintained eastwards, throughout the middle Himalayan region ; but it 
certainly is not distinguishable on the extension to the north-west : and 
so, a compromise has been adopted — to speak of the inner or Nahan 
zone, and its representative rocks elsewhere, as Lower Siwaliks. 

The Nahan, or Lower Siwalik rocks, forming the inner Sub-Himalayan 
zone at Nahan, consist mainly of massive grey sandstone, often spoken 
of as the lignite sandstone, from its frequently containing small nests 
and strings of ^fossil wood, which from early times till now have given 
rise to many sanguine reports of the discovery of coal. In deeper 
sections red or purple clays occur, associated with thinner, harder, 
darker sandstones, veiy like the rock of the Dagshai group. Owing to 
the contorted and faulted condition of these rocks, and the rugged, 
covered nature of the ground, accurate estimates of thickness are not 
easily made : from 2,000 to 5,000 feet may be taken as limits. 

The rocks foiming the outer tertiary zone, the true Siwalik hills, 
south of Nahan, consist at top of conglomerates and brown clays 
associated in very variable proportion, overlying a series of alternating 
thick, soft grey sandstones, and red and yellow clays. The total thick- 
ness may vary from 3,000 to 6,000 feet. In other ground the conglo- 
meratic beds by themselves are at least 5,000 feet thick, with a similar 
thickness of grey sandstone between them and the Nahan horizon. 
These beds of the Siwalik hills proper will be distinguished — the conglo- 
merates as Upper, and the sandstones and clays as Middle Siwaliks; even 
if the separation should not be maintained by fossil evidence, the 
stratigra])hical distinction will be always necessary. 
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The Nahan-Siwalik boundary.— The junction of the Siwalik and 
Nahan groups is first described, because it clearly exhibits important 
characters that will be less confidently appealed to in the case of other 
boundaries. The topmost beds (conglomerates and clays) of the great series 
of deposits forming the outer hills, dip steadily towards the base of the 
higher hills, formed of massive sandstones and subordinate red clays of the 
N ahan zone. The strike in both rocks is the same, but the dip is generally 
higher on the inner side. Where the Markanda crosses the boundary 
under Nahan, the general efiect is well seen, and it closely resembles a 
continuous ascending section ; so much so that the early discoverers of 
the Siwalik fossils accepted it as such, taking the inner beds to be the 
newer. 

Upon a first recognition of the outer rocks as the newer, the imme- 
diate conjecture would be that of a fault ; it is the explanation usually 
applied to junctions such as this. The dips might first suggest a doubt, 
for they certainly are not such as would, under ordinary conditions, result 
in connection with faulting. Further examination raises other doubts : 
the conglomerates of the outer beds are largely made up of stones very 
like that of the rock forming the contiguous hills, which at once 
suggests a break other than by faulting. Again, if the feature is due to 
a fault, it must be one of great throw, but the outline of the l)oundary, 
as traced through the hills, exhibits great and sudden irregularities, such 
as arc almost incompatible with a great master-dislocation. One 
other test remains — that of the actual contact, which it is so rare to 
find exposed to observation: at a short distance to the east of the 
Markanda, and close to where the first symptoms appear of the begin- 
ning of the Kaidrda dun, a clear section of the contact was found in 
a gully at the base of the inner hills, shewing the tilted Siwalik 
conglomerates abutting against a steep weathered surface of the older 
sandstones, proving that at this point any faulting whatever is out of 
the question.^ 

This is quite a crucial section, and until it is disposed of, it must 
take a ruling part in our consideration of this great boundary question. 
In any civilised, or even more accessible, country so critical an 
observation would have been examined by many experts since it was 
first noticed. That this has not been done is only an extra reason for 
laying stress upon the point. A conjecture has been offered (by Mr. 
Theobald) that the newer beds at the contact here are not true Siwaliks, 
but the same as some beds at the top of the series in the Siwalik hills 
east of the Jumna, and differing somewhat from the usual type of the 
» Mem. G. S. I., HI., Pt. 2, p. 108. 
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Siwalik con»loinerates. This liint is worthy of notice, but it scarcely 
affects the question at issue, for the beds indicated, whether we choose 
to call them Siwalik or not, must be closely related to that series, as 
boiii" i\i least ap])arently conformable to it, and having undergone the 
same disturbances, and must be totally distinct from any deposits formed 
subsecpicnily to the elevation of the outer range.i Thus we may say 
that, for this portion of the ground, all the evidenee, with one exception, 
suggests that this boundary is not due to faulting. The exception is 
the reversed lie of the plane of contact ; and it is evident that this 
condition might be produced by lateral pressure upon an originally 
normal face of deposition. 

Another important point in the discussion of this boundary is, that no 
satisfactory identification has been made between beds on opposite sides of 
it in this section at Nahan. If this should be correct, that in the great 
thickness of rocks outside this boundary none of the inner rocks are re- 
presented, the consequences that follow upon either interpretation of the 
junction are rather startling ; if it be a fault, the throw must amount to 
several thousand feet ; and, if it be an original boundary, disturbance of 
Sub-IIimalayan (Siwalik) roc.ks, with denudation to a prodigious ex- 
tent, must have taken place within the Sub-IIimalayan (Siwalik) period, 
involving great unconformity here Ixitwcen the upper and lower groups. 
A compromise may be yet made out; but any possible identification of 
the beds of the inner zone, in the rock-series of the outer zone, must be 
low down in this latter series, and so would still leave a large break to be 
accounted for by the fault or the unconformity, as may be ultimately 
decided. It should be remembered that in such rapidly forming diluvial 
deposits as those of the Siwalik formation, very great discrei)ancics might 
occur between synchronous beds within short distances, so that great judg- 
ment and a full consideration of many circumstances are needed in 
deciding this question. An cx])lanation of this pecidiar uiiconformify 
will be suggested in describing its disaj)j)carancc westward, in the 
Kangra region. 

The most westerly point at which the peculiar Nahan-Siwalik junc- 
tion has been observed is in the Sursulla, below Kalka., where the 

* Tk^causc of doubts expressed rep;ardiiif» ibis section, altUoupli no one, that 1 know 
of, lias cxaniined the spot indicated, I have wished much for an’ opportunity to re- 
visit it. Such an occasion, after a lapse of 18 years, has occurred within the last three 
months, siuec the above remarks were written. The position lies on the path to Khairwala 
from the Kajuli’s garden on the Murkanda, near the village of Tih. I was disappointed to 
find that no section of tht* contact is now ex]iosed, but on this point 1 never had any doubts 
of the accuracy of my original obsiTvatioii. 1 have, however, satisfied myself again that 
the outcT rocks at the coiitjict are the regular Upjwr Siwalik strata. — H, B. M. 
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massive horizontal Upper Siwalik conglomerate, forming the surface 
of the Pinjor diin, takes a strong dip towards its junction with the 
highly inclined sandstones of the inner zone. Beyond this no contact- 
section of the Upper Siwaliks has been observed on the north side of 
the dun for more than 50 miles, to near the Sutlej, where everything is 
changed, and the conglomerates are nearly vertical, having a slight 
south-westerly underlie, and are thus in apparent continuous sequence 
with hard Lower Siwalik rocks forming the ridge of the inner zone. 
This Sutlej section belongs to the Kangra area. 

The continuation to the east is more doubtful : at this end of the ex- 
posed contact in the Nahan hills, the tilted conglomerates at the boundary 
])ass on to form the crest of the range on the south side of the Kaiarda 
ddn, and flatten out to form its floor ; but no near sections of the junc- 
tion with the rocks of the Nahan zone are visible. 

The Nahan-Sirmur boundary.— Within the Nahan area the junc- 
tion of the Siwalik and Sirinur series corrcs})onds with what we shall con- 
stantly refer to as the main boitndan/ ; for we may fairly give this name 
to the most persistent and striking structural feature of the whole 
mountain region — the abrupt junction of the slaty or schistose rocks of 
the mouiitaiiis with the rocks of the Sub-IIimalayan zone. The correct 
interpretation of this line of junction is a first step tow^aixls understanding 
the history of the mountains. The scarcely disputed admission, that the 
Sub- Himalayan deposits are in great part made up of Himalayan debris, 
is at least suggestive that the j)resent boundary may have had some- 
thing to do with the original one j but the closer inspection of the 
feature seems always to deter from any further encouragement of this 
view ; the appearance is nearly always that of a reversed fault, the outcrop 
of the plane of junction in the bottom of the valley being generally 
inside a line connecting the outcrops of the same plane on the adjacent 
spurs; and consequently this plane of junction between tertiary and 
Himalayan beds is inclined towards the mountains. It is only through the 
Sirmur rocks in the Simla region that we can bring any direct argument 
to bear upon this question. Elsewhere there are no terms of com])arisoii 
• between the rocks on opposite sides of this sharp line ; whereas here the 
beds on either side unquestionably belong to the same great tertiary 
series. We have seen that the upper Sirmur beds themselves exhibit 
strongly the type of the Sub-Himalayan deposits, and arc also presum- 
ably derived from the same source — denudation of the Himalayan area. 

The question again turns upon the j)art taken by faulting. If this 
main boundary is a jooA*^-Siwalik fault, we might expect to be able 
to identify some of the beds on opposite sides. The conditions are 



640 


GEOLOGY OP INDIA— SUB-IIIMALAYAS. 


[Chap. XXII. 


altogether favourable for such a recognition : the highest beds on the 
upthrow side arc sufficiently distinctive, and the beds on the down- 
throw side are thoroughly turned up and eroded; yet there is no 
approach to a resemblance ; on the contrary, clays become more and more 
frequent as we get deep in the Lower Siwalik (Ndhan) group, and we 
have seen that the top beds of the Sirmurs are exclusively sandstone. No 
trace of the very distinctive nummulitic clays has ever been seen south 
of the junction, or as fault-rock in the supposed faulted boundary. 

These arguments may, of course, be met by magnifying the throw 
of the supposed fault, so that the Sirmur rocks should be completely 
buried out of sight to the south : or a more plausible objection might be 
raised, that as the outcrops we bring into comparison are for the most 
part at a considerable distance from the fault, and at a still greater 
distance from each other, the correspondence cannot be expected; for 
theoretically, the agreement demanded only holds exactly for the beds 
originally continuous across the dislocation. It might thus be sug- 
gested that the plant-bearing sandstones of Kasauli belong to the same 
horizon as the Lower Siwalik clays, or the lignite sandstone. Tliose 
who have examined the rocks are least disposed to adopt this supposi- 
tion ; and unless one or other of these views is adopted, the argument is 
binding in favour of this main boundary being an original line of junc- 
tion, however modified by the subsequent comi)ression to which even 
the Upper Siwaliks have been subjected. 

This conclusion would establish for the middle Himalayan region 
a very great unconformable break between the upper and lower ter- 
tiaries — the Siwalik and the Sirmur series. It would shew that a great 
elevation took place, with deep erosion, along the margin of the Lower 
Himalayan region, in the interval between these formations. 

In the case of the Nahan-Siwalik boundary in the Simla region 
another argument, besides that founded on the contrast of the strata 
on opposite sides of the junction, was used to shew that the present 
boundary coincided with the original margin of deposition, and was not 
a line of fault. This argument was, the very broken direction of the 
boundary-line. Similar observations apply to the main boundary : the 
Dehra dun occupies a great bay in the Lower Himalayan area, so that a line 
joining the termination of the Sirmdr beds in Sirmtfr to the small outlier 
of the same beds east of the Ganges, would touch the Siwalik range south 
of Dehra ; and within this bay the main boundary exhibits several sharp 
bends, not traceable to cross-faults. Such twists would be scarcely com- 
patible with a great dislocation having several thousand feet of throw, as 
this boundary must have, if it is to be regarded as a post- Siwalik fault. 
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The Jumna-Ganges area. — Although few of the Siwalik fossils 
were obtained east of the Jumna^ it was here the name took its 
origin, as adopted by Colonel Cautley from SUh-walay the native name for 
the range separating the Dehra dun from the plains. A more typical 
Siwalik range could not have been chosen. The axis of the normal anticlinal 
flexure runs close along the outer edge of the ridge, the beds to the south 
of the anticlinal having been much denuded, except at the end near the 
Ganges, where there is a pretty full remnant of the steep southerly 
dipping beds, gradually becoming vertical in the conglomerates of the 
little hills west of Hardwar. 

Composition in relation to the great rivers. — By comparing 
this range with its representative in the adjoining region to the west, we 
find an illustration of the fact already mentioned, — how the Siwalik depo- 
sits vary according to their position relatively to the great rivers. The con- 
trast between the rocks of the outer range on opposite sides of the Jumna 
is so great, that it has been doubted if they can be equivalent ; to the west, 
throughout the Ndhan area, clays enter largely into the section, and the 
conglomerates are made up of the debris of the rocks forming the higher 
hills immediately to the north, principally the sandstone of the N&han 
and the Sirmur groups ; whereas in the range between the Ganges and 
Jumna, clays are very subordinate, and the conglomerates are composed 
of the hardest quartzite pebbles, just like the shingle now found in the 
great mountain torrents. 'Jhis portion of the range is, in fact, an ancient 
diluvial fan of the rivers Tons, Jumna, and Ganges. The Jumna, after 
its confluence with the Tons, now flows very obliquely across the dun, and 
passes through the outer range far to the west of the point, where it 
leaves the high mountains, having had to double round the immense accu- 
mulation of liard materials it had formerly laid down in front of that 
gorge. The passes of both the Jumna and Ganges in the Siwalik range 
are now strongly marked by cross-fracturcs of the rocks, with contrast- 
ing dips on opposite sides ; but it is more likely that the rivers helped to 
determine the position of these fractures, than the reverse ; for the rivers 
have not ceased to flow here since pre-Siwalik times : when the first 
elevation set in, the rivers had to take to channels of erosion ; and when 
the fracturing forces took efEect, these lines of erosion were the positions 
of least resistance. 

Identification of beds in the two zones. — The identification made- 
by Colonel Cautley^ of certain beds at the south base of the cis-Jumna« 

1 Trans. Gcol. Soc., London, 2nd Scries, Vol. V, p. 271 ; J. A. S,, B, 1834, Vol. Ill, 528. 

2 The prefixes cin and trans arc used in Upper India with reference to the older British 
possessions in Eastern Imliu. Cis- Jumna conscfjuenUj' means cast of Jumna ; trans- Jumiia^ 
uest, 
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ransre with some beds of the inner zone at Nahan is well worth 

o 

attoiition. Taking the Nahan beds, by reason of their apparent position, 
as tlie higliest in that section, he accounted for the non-appearance east 
of the Jumna of the more fossiliferous strata of the west, by the smaller 
upheaval in the former position. As already explained, the reverse is the 
case ; and the beds in question, in which fossils were found, at the entrance 
to the Kalawala pass (cis- Jumna), the same as in the Nahan beds, are 
probably older than any in the outer range trails- Jumna. A closer 
search might detect the suspected unconformity between these beds at 
the south end of Kalawala pass and the overlying Siwalik sandstones. 
The greater abundance of fossils in the range trans- J umna than cis- J umna 
may easily be due to the contrasting nature of the deposits. 

Suggested connection of the two zones in this area. — The 
complete conhrmation of the identification mentioned in the last paragraj)h, 
need not disturb the view given of the equivalence of the outer ranges 
onop]iosite sides of the Jumna; but this equivalence has been questioned. 
Throughout the dun east of Dehra there is no representative of the 
Nahan range, any remnant of these rocks being covered by a great 
bank of detritus ; but in the w'^estern dun this inner ridge of the Sub- 
Himalayas is well defined, and in the Nun, under Mansuri (Mus- 
sooree), there is a peculiarly puzzling section. The stream, as usual, 
has cut a steei) narrow gorge through the flanking ridge of the massive 
lignite sandstone, here nearly vertical, but with a slight inward underlie; 
and just below the gorge there is in the low banks a nearly continuous 
section of seemingly conformable beds, in which the sandstone becomes 
])cbl)ly, and gi’adually alternates with strong beds of conglomerate, the 
northerly underlie being steady throughout. According to the universal 
order in all normal sections, conglomerates always increase in the u])per 
beds, so this section in the Nun must be an inverted series, and it 
most resembles that in the range south of the dun. 

If this link should be confirmed, we should have to recast the view 
sketched above regarding the relations of the cis- and trans- Jumna 
Siwaliks ; for there is every reason to suppose that the massive sandstone 
of the Nun is the same as that of Nahan, with which it may be said to 
be continuous. There would then be much plausibility in the view once 
advocated by Mr. Theobald (in an unpublished report), that the original 
Siwalik hills are chiefly composed of Nahan rocks, and that the more 
fossiliferous and newer trans- Jumna Siwaliks are not reprcsentol to 
the east of the river, having been denuded away, or else never upheaved. 

The alternative interpretations, to recomdle the Nun section with 
ihe ciirrent o]>ini(>u of the equivalence of the outer Siwaliks on both 
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sides of the Jumna, would be — to suppose that theNdn conglomerates are 
true top beds of the Nahan group, and quite different from those of the 
outer range ; or else, to suppose a break, by a concealed fault, in the 
apparently regular sequence between them and the lignite sandstone. 
The question must be worked out on the ground : though it is needful 
to point it out, it would be out of place to discuss it further in these 
pages.^ 

The Gahrwal and Kumaun area. — These hill districts correspond 
with the Rohilkand division of the plains, between the Ganges and the 
Nepal frontier. This ground has scarcely been looked at. Within ten 
miles east of the Ganges the Siwalik rocks i)ropcr are well represented, 
and a narrow belt of Nalian beds separates them from the slaty rocks of 
tlie Lower Himalayan mountains. Further east, the outer range, and the 
rocks forming it, seem to be generally absent ; and the inner hills, formed 
of the massive sandstones supposed to belong to the lower Siwalik or 
Nahan grouj), become very prominent. IHie steady north-easterly dij) pre- 
vails, wherever observations have been made. In General Strachey s 
paper on this part of the Himalayas ^ a very important observa- 
tion is recorded, that the traj^-rock of the Lower Himalayas enters the 
sandstone of the Sub- Himalayan zone. The position is in the Gola 
river south of BhimLil. No fact of the kind has been noticed elsewhere. 

0])erations have been undertaken to smelt iron on a large scale from 
an ore concentrated in the red clays at the base of these hills under 
Naini Tal. Similar ferriferous clay is known to occur near Nahrn, and 
again in the same rocks far to the east in Sikkim. 

Nepal area^. — For a length of 500 miles the kingdom of Nepal 
completely arrests all study of Himalayan geology, with the exception 
of the single track to Kathmandu (Katmandoo), and a small area around 
the valley. On this track very complete representatives ai-e found of the 
two Sub-IIimalayan ranges and their intervening diin or mdri^ as the 
valley is called here. The Churiaghati range is structurally a facsimile 
of the original Siwaliks. At the outer base, at Richiako, there are some 
earthy rusty beds, all greatly crushed. The dip soon settles down to 30° to 
north-north-west, maintaining the same angle steadily to the top of the 
pass. 

* Siilt-puns were onee set up on a small scale in the gorge of the Nun : it is not 
known whether this enterprise was stai'ted on the strength of the name nun (salt), or on 
account of the efflorescence that is often loeally ahnndaiit on exjMwed surfaces of the lignite 
sandstone, or on the trust of some tradition of the oceurreuce of rock-salt. 

= Q. J. G. S., L, 1851, Vol. Vll, p, 296. 

3 Uec. G. S. 1., 1875, Vlll, p. 92. 
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This is the typical structure of these detached Sub-Himalayan ranges, 
the flat inner half of a normal anticlinal flexure. The range is about four 
miles wide, which would give an aggregate thickness of about 1 0,000 feet 
of rock. The pass, as is universal in these ranges, follows the broad be4 of 
a torrent to near the summit, where the road turns up a steep gully, 
partly artificiah 

The lower half of the section is sand, and the upper half conglo- 
merate. In the Si waliks of the North-West the passage between these 
two rocks is gradual and alternating ; in the Churiaghati section it 
was noticed that the change is rapid and complete, from an almost 
unbroken mass of fine grey sand to an equally uniform mass of pale 
yellowish-brown conglomerate. This may not be a point of any import- 
ance ; but sjiecial notice was made of the exceedingly fresh asi)ect of 
these deposits as compared with the rocks of the original Siwalik 
range, — a point that may have some meaning in connexion with Mr. 
Theobald^s suggestion, already mentioned, that the latter rocks may 
belong to the Nahan horizon. In this respect the rocks of the Churia- 
gliati range more resemble those of the outermost hills of the trans- 
Jumna region. 

This same newness of aspect may be noticed in comparing the 
Churiaghati rocks with those of the inner Sub-Himalayan range on 
tlie north side of the dun at Etaunda (the rest-house on the road to 
Kathmdndu), in order to represent the apparent impossibility of the 
two ranges being a repetition of the same rock-series ; and hence the 
presumption that their junction is not a fault. In the Rapti, immediately 
under Etounda, there arc outcrops of the rusty sandy clays and 
greenish -grey hard sandstone at the base of the section to the north. 
They dip at 60'* to north by east. Wherever observed along the 
road, this dip (with slight variation in amount) was found constant, and 
there is but little change in the character of the rock. Clays occur, 
but very subordinately ; the sandstone becomes somewhat softer in the 
higher beds, and there are here several layers of thin conglomerates. 
It is clearly a normal ascending section, and in no particular is there 
any near resemblance to the scries of the outer range. The section 
here is about two miles wide, which would give a thickness of about 
1(^,000 feet, there being nothing to suggest repetition by faulting or 
flexure. As usual, the contact wdth the rocks of the mountain is 
concealed. 

Regarding the interpretation of this section : we might explain the 
actual difference of composition by the presumable difference in successive 
zones of one great belt of torrential deposits, and the actual differences of 
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texture by the presumable greater induration of the inner band^ and 
tlius make out that the two roek-series were originally continuous and 
equivalent, and that their present relation must be due to a great fault. 
The impression made on the observer was decidedly against that equiva- 
lence; and hence, that the present relative position is, like that in 
the Nahan section, to a great extent aboriginal. 

Sikkim and liiitiTAN areas.^ — Throughout the Sikkim and Bhutan 
Duars there is no representative of the Siwalik hills (the outer zone of 
the Sub-lIimaLayas) ; and in two places the Sub-llimahiyan rocks are 
altogether absent, or concealed.^ One of these ga[)s, about 10 miles widt;, 
is just south of Daling Fort, and corresponds to a marked promontory id’ 

. the older rocks of the mountains. The other gap is much longer, from the 
Jaldoka to beyond the Tursa, a distance of 40 miles, and throughout t his 
area also the base of the mountains is prominent and irregular. It seems 
probable (see p. 522) that the absence of the tertiary sandstones in this 
grf)iind is due to their jiartial removal, and the com])lete coiujealrneiit oi* 
the denuded outcrops by the great gravel deposits that, are h(;re accu- 
mulated at the foot of the hills. Therc^ is nothing in the old rochs 
to suggest their former greater extension in this position : the Darnuda 
rocks also arc absent, but here, as elsewhere, the same belt of slaty 
formations separatees the gneissic rocks from the plains. 

In close proximity to these gaps, the hills and rocks of the inner Sub- 
Himalayan zone are in full force, shewing no tendency to thin out 
towards those blank areas. In the Mfihanadi the thickness is estimated 
by Mr. Mallet as 11,000 feet, and the characters arc the same as notiied 
elsewhere ; soft massive grey sandstone being the prevailing rock, with 
o(H;asional clunchy clays, esjuicially towards the base, where these are 
sometimes highly ferruginous. Nests of poor lignite, and even small bioken 
seams, occur in the sandstones. The U|)j)er l)cds arc often conglo- 
meratic, sometimes coars(;ly so. In all there is a prevailing di]> towards 
the mountains, so the highest beds occur next the main boundary, but 
no a.(;tual contact-section of this feature has been described. It is (deai*, 
however, that whatever exj)lanatioii of it can be made out elsewhere 
will apply here also. 

IJrrER Assam area. — To the cast of Bhutan' the Himalayas north 
of the Assam valley arc occupied by various tribes of savages, and the 
only observations worth mentioning of that ground are those made by 

* Msillct : Mom. G. S. 1., 1874., XI, p. 45. 

= First noticed bv Colonel Godwin-Austen, J. A. S. B., XXXVII, p. 117. 

K 1 
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Colonel Goilwin-Aiisteiii in the DapliUi hills of the Dihrin^ hasin, iuh 
joining’ the Darraiigp and Lakhirnpur districts i>£ irj)per Assam. Here 
again there are two well-marked ranges of Sul)-llimalayan hills, witli 
an intervening diin. Each range is formed of a normal anticlinal 
flexure, directed from the mountains,- just as at the base of the North- 
Western Himalayas ; and the inner range is, at least in great j)arf., forme<l 
of older beds than the outer one. Here, too, nests of lignite arc of 
frccpient occurrence in the sandstone. 

The same lignite sandstones have l>con obs(‘rved more to the east, 
north of Hibrugarh, with the usual high northerly dij).*' 

» .1. A. S. K IS75, XLIV, ]). 35. 

- /. <*., liaviiij; till* jixis-plsiin' sloj>iiig‘ towards tbo mounlaijis (sol* nolo, p, 5-S). 

2 Mom. (}. S. I„ JV, p. 393. 
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CHAPTER XXIII. 

EXTRA-PENINSULAR AREA. 

SUB-HIMALAYAS — [coiUinUticl.) 

Terminal Sitb-Himalayas : The Kangra area — Gem?ral stnicturc — The CShiiinlnir- 
Rusiiuli fault - - Tlic* Kosari and liidsar-Nurpur raiilts — Kxtinciicjii of tho Naluin-Siwalih 
boundary — The Sutlej at Buhhdr — Loeal cxtinctiou of the Nahaii -Sinn ilr boundary 
— IhirieulticK of chiRsificatioii in the Kanprra urea — Buhhor and Beluipiir seetioiw 
compared — Doubtful hods in tho Sirinur zone — Want of fossils — The base of tlie 
Dhauladli&r — North-western tennination of the Kfinp^ra area — The Mandi rock-salt. 
The Jamu area — Boundaries — Special feature — Sirm6r zone at the Ravi — 
Western expansion of the Sirmur zone — Inliers — Characters of the Suh&thu group — 
Tertiary-palaeozoic relation — Comparison with sections of the Simla region — Doubtful 
newer rocks of the Sirmur zone — Other general features of the Sirmur zone — 
Sirinur-Siwalik boundary — The Basanli-Naoshera fault — Riassi conglomerates — The 
outer Siwalik zone. Summary. 

Terminal Sub-Himalayas : Kangra area, — In the last chapter 
the Sub- Himalayan rocks were traced from the typical Simla area 
to their eastern extension in Assam ; we have now to return to the 
North-West Himalayas and examine the seditions to the west of the Simla 
region.^ The great and rapid expansion of the teiiiary zone to the 
north-west corresponds with the extinction of the Lower Himalayan 
region. From about half-way between Nahan and Kdlka the “ main 
boundary bends steadily inwards, and continues tins northerly course 
for nearly 80 miles, to the base of the Dhauladhar ridge, which is 
directly on the prolongation of the main snowy range of the middle 
Himalayas. The Sub-Himalayan ranges are for the most part unaffectcnl 
by this bend of the main boundary; and thus tho ground on the 
prolongation of the Lower Himalayas is occupied by tertiary rocks, 60 
miles wide inside Iloslnarpur, The greater part of tliis area, up to 
the Uavi, is in the Kangra district ; but this geological field, designated 
as the Kangra area, must be understood to begin east of the Sutlej, 

1 It wouUl imiMissihli* to give any i<lca of the sl.*ucturc of this ground without 
mcutioiiing features and loiraliiies that are not InditMied on the sm:dl ni;ip aeconipaiiyiiig 
this work: it will therefore heiVdluMilt to follow these descriptions without reference to a 
larger map («co note, p. 5(50). 
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about the east end of the Pinjor (or Kalka) ddii. The Sutlej and the 
llias flow westwards, across the terminal boundary of the Lower Ilima- 
Iiiyas, and traverse the duns and ridges of the Kaiigra area in very 
zig-zag courses. 

General structure. — The outer Siwalik range of the Kangra 
area is continuous with that of the Nahan area ; so it will appear that 
the great spread of tertiary rocks to the north-west takes place for the 
most })art on the prolongation of the Nahan, or inner Sub-IIimahiya.n, 
zone of the middle Himalayan region. Both boundaries of this zone, 
as lines of eontact of dissimilar rocks, change in character and disappear; 
and in the middle of the expanded zone new features supervene, flexures 
and great faults, unlike anything as yet observed in the ground to 
the east. 

A nioi’c peculiar feature of the terminal Sub-Himalayas is the intro- 
duction of an inner zone of oldest teHiai’ies, not re])rcscnted at all in 
the middle Himalayas, but on the prolongation of, and actually con- 
tinuous with, the Sirmtji* series, on the margin of the Lower Himalayas 
in the Simla region. Tlie Sutlej may be given as the point where 
the Sirrnur rocks take their placie as belonging to the Sub-Himalayas ; 
and a great change rapidly supervenes in the aspect of all the rock- 
features. In all the zones the introduction of apparently higher b<6ds 
to the north-west is the rule. 

It has been already observed that our representation of th^ Sul>- 
Himalayan scries depends mainly upon the interpretatiott ])ut uj)on 
certain leading structural features ])cculiar to such mountain regions, 
and which arc markedly homologous in all the formations ; our atten- 
tion must therefore be principally turned upon those features ; and as 
their characters are perhaps best exhibited in their less extreme form, 
among the newer rocks, the rule observed in this work, to proceed 
from the oldest to the newest, cannot be followed. 

The Ghambar-Basauli fault. — At the cast end of the Pinjor 
diin, ill the section of the JViaiigrad, south -south -east of Kalka, the 
Nahan zone is scarcely a cpiarter of a mile wide ; the strata are vertical, 
and all of the lower tyjie noticed in the Nahan section, hard ])ur])lish 
sandstones and red (lays. North-north -west of Kalka, rocks of this 
slam]), ill a. very contorttHl condition, form a confused congeries of hills 
in the Mailog and Nalagarh States. About Khadi, close to the main 
boundary, on the Subathu and Budi road, higher beds occur, paler, 
softer, coarser sandstones; and there is the bi‘ginning of a distiiud. 
feature, a raulted synclinal flexure, diverging steadily from the main 
bo Hilda ry to the north- west. In this direction the character of the 



Extra-Peninsular. 1 


THE KAN(iIlA AREA. 


5li) 

dislocation becomes rapidly developed, and in the valley of the Gliambar 
it is perfectly defined as a great fault, thick conglomeratic sandstones 
dipping steeply to the north-east towards, or under, deep red clays and 
hard sandstones. It follows a remarkably straight course across the 
Sutk^j, through tlic Kangra districi., to Basauli on the Ravi, and thence 
to Riassi on the Cliinab, where it again joins the outer Sirmur boundary, 
after a course of nearly 200 miles. It is well seen at many jdaces, as in 
the Banganga river near the main road to Kangra; about Koileh on the 
Bhagsu-Nur])ur roiul, and at Basauli on the Ravi. The actual contact is 
always disguised, but there can scarcely l)e a doubt that it is a great 
fault, of tlic reversed order that is most usual in these mountain 
sections : the strata on opposite sides are neai-ly parallel to each other, 
the upthrow is persistently on the inner side, and so the newer rocks 
in normal order (/.<?., not inverted) actually underlie the older; as if 
in a double folded flexure the upper side of the anticlinal had subsided 
on, or I.)eeu pushed over, the lower side of the synclinal limb, the contor- 
tion itself having been removed by denudation. 

At Juulamuki on this lino of fissure there is a temple built in which 
flames issue continuously from the ground round the base of the idol. 
At Lunsu, under Dalhousie, there is a mineral spring on this same line of 
dislocation. 

The Kosari and Badsar-Nurpur faults. — South of the 
Ghambar, the comphix range of the Nalagarh hills continues up to the 
Sutlej, where two lines of dislocation lake their rise and r(\sult in 
stijady, well-defined ridges to the nortli-west. The southernmost of 
these lines is known as the Kosari fault, from a village on the bank of 
the Sutlej at the north end of the Bubhor gorge ; it is e()mj)aratively 
a minor feature, running down the centre of the compacted groiij) of 
ridges into which the Parwain range is divided on the south-east. The 
Biulsar fault, calk'd after a village 20 miles from the Sutlej, at the 
north base of this same range of hills, is a principal structural feature 
of the trans-Sutlej Sub- Himalayas, being continuous for 300 miles U]) 
to and beyond the Jhelum. It clearly originates in an anticlinal 
flexure, and is again recognisable as such at .several points of its course, 
as atNurpur ; sometimes the dislocation is small, but, as a rule, there is 
much faulting ; and towards the Sutlej the downthrow is on the imrtli 
side. The Nadaun dun lies in a trough between the Badsar and 
Ghambar faults. 

These great lines of dislocation determine the chief features of the 
upper tertiary zone of the North-West; and we have seen that they are 
<piite uiuioiinectcd with any feature of the tertiary zone of the middle 
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Himnlayfis. Willi the iiitroduetion of these new features, eharacteristie 
of the uorth-wcstem region, the two chief striK^tural features of the 
Suh-Hinialayas in the middle region — the Nfihan-Siwalik and Nahaii- 
Sirmur houndarics — become extinct. These boundaries have already 
been interpreted as primarily unconformities, marking decidi^d divisions 
in the tertiary series ; and thus we already find established, in the middle 
ol‘ the Kangra area, the difiieulty to be confronted throughout tlio tertiary 
stnics ol* the North- West, the absence of any well-marked stratigra[)hi- 
eal horizons. 

Extinction of the Nahan-SiwaJik boundary.—This boundary, as 
described to the east (p. 5ii7), with tnpSiwaliks abutting at various angles 
against crushed Nahan beds along a very zig-zag line of junction, con- 
tinues all along the Piiijor dun to beyond Nalagarh, 16 miles north-east 
of llupar (Roopur), where lofty terraces of brown Siwalik clays lie flatly 
dose up to the ridge of crushed red Nathan rocks. Seen in such juxta- 
jiosition as this, the possibility of a conformable transition between the 
two would ajipear out of the question ; yet such is apparently the case 
within 15 miles to the north-west. North of Anandpur, low flanking 
hills, formed of these same upper Siwalik strata, turned up and vertical, 
rise in front of the ridge of the red rocks. A section is recorded just 
north of Nanowal ((dose to Anandpur), where the very strata forming 
the ddn turn up, within a space of 100 yards, from being horizontal to 
a dip of 80" to south-west ; in the section to the north they pass down 
into the grey rocks of the middle Siwaliks. On this se(?tion, under 
Naina Devi peak, there is still an abrupt, probably faulted, contaet of 
the grey and the red rocks, all being parallel and vertical ; but on th(j 
continuation of the same strike, where the Sutlej cuts a deej) gorge 
through the ridge, and the section is fully exposed, it is imfiossible to 
draw a line between the two tyjies of rock. Within 10 miles farther 
to the north-west any semblance of a continuation of the original Nalian- 
Siwalik boundary is lost ; the dip flattens, and the Naina Devi ridge, as 
defined by a core of the harder rocks, disappears, all the strata rolling 
over round the end of the ridge. 

In the annexed figures an attempt is made to illustrate the iiitcr- 
])ri^tatiou put upon the observed facts. Throughout the western region 
superficial features of the same character as those on section B, between 
a and c, arc interjireted as great faults ; where beds several thousand feet 
a])art in geological position are found in alirupt contaet. The reasons 
for taking such a iotally different view of like features in the eastern 
sections arc : 1st, that the horizontal features (the outlines in plan) 
of the junction arc strikingly different ; in the west they observe a 
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straigfht or very flatly curved course throug^hout great distances, while in 
tlie Simla region the Nahan-Siwalik boundary is extremely and sharply 
irregular in direction ; and 2ndly, one section of the actual contact was 
observed here, giving independent and ahsoliite evidence against faulting 
in that position. The reading to be taken from these sections is, that the 
disturbance began earlier, or progressed much more rapidly, in the east, and 
took effect as elevation over a broader area, entailing a greater denuda- 
tion of the lower group along the axis and in its neighbourhood ; wliile in 
the west the disturbance took effect as greater compression of the ^lexur(^ 
and a more contracted elevation. In both cases deposition progressed 
continuously and conformably in the adjoining gTOiind, and the latest 
accumulations gradually overlapped the denuded eastern area, pro- 
ducing extreme local unconformity along a narrow belt of out(*.rop, 
while the same beds in the western section became involved in the 
continued compression of the flexure at that point. 

The Sutlej at Bubhor. — The explanation just given of the change 
in the Nsihan-Siwalik boundary, and its disappearance westwards, may 
seem somewhat fanciful, involving extreme unconformity and continuous 
sequence of strata within a very narrow s})acc ; but we find in this v(Ty 
ground, in one of the sections compared (that of the Snthq through the 
Naina Devi ridge at ]hd)h6r), most remarkable independent proof of that 
slow, creeping action of the disturbing forces which is all that is rccjuired 
for th(^ result (daimed. The same facts will furnish a very striking 
instance of the statement already made regarding the composition of the 
Siwalik rocks in relation to the actual rivers, and the pre-Siwalik ago of 
the segreat drainage channels. 

The Upper Siwaliks at Bubhor are entirely formed of coarse 
conglomerates, just like the shingle in the river bed ; and th(^ gny 
middle Siwaliks are pebbly throughout, all being vertical as in the 
figured section A; while within 5 to 10 miles on either side of the 
river, common brown clays constitute the bulk of the upper group, con- 
glomerates being quite subordinate. The same distribution of dei)Osits 
is ol)servable in the outer Siwalik range, tlie case being analogous to 
that already described for the Jumna and the Siwaliks of Dobra (p. 511). 
Instead of making a passage through the strong conglomerates o])posite the 
gorge at Bubhor, the river has crept round by Rupar, where the strata 
forming the range are altogether clays. It seems impossible to avoid 
the inference, that the Siwalik congloiperaf es of Bubhor were formed when 
already the Sutlej had been fixed in its present jiosition by a gorge 
in the axis of the Naina Devi ridge, formed of the tilted Nuhan, or 
Lower Siwalik strata, which are still an a piiarent conformity with the said 
conglomerates. 
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This is not a conjtHfiiinil ijiferonce, a.s in ilje t*n.se of tlio honiidary, 
1»nt Olio that scarcely admits of an alternative; as it would be more 
wonderful still to suppose that the river kept its position throughout all 
that disturbance, without any initial obligatory jioint in the neighbour- 
liood above Bulihor, Besides, the deposits in (picstion are such as are 
only found near the mouth of a torrential gorge. After that gorge was 
first marked out in the rising Ilexurc of the Nfihan strata, the river must 
have scattered its boulders and gravel oviir a wide space on either side ; 
while at the same time the (lexure was steadily encroaching, and so slowly 
as not to break the continuous paralleH.sm of the series, the lowest bed 
of which may have b(‘en vertical bedbre tJie higlicst was deposited. The 
required result can easily be imagined with the aid of the figured section, 
])age 550 : a greater concentration of the tlexure would change the local 
overlap-unconformity in figure B into the ajiparent conformity of 
ligure A.^ 

This conclusion as to the age of the Naina Devi ridge, the second (from 
the outside) of the Siwalik ranges on the Sutlej, must bear some weight 
in the discussion of the equivalence or otherwise of (*oriain amilogous 
or homologous deposits, external or internal to that rang(\ But it must 
not be forgotten in this connexion, that this ease of the Nahan-Siwalik 
boundary has suggest(‘d a longitudinal as well as a transverse j>rogression 
in the disturbing action, so that analogous deposits on the same continu- 
ous zone need not be, or cannot be, strictly c(juivalent in time, any more 
than exactly similar deposits in the several successive homologous 
zones. 

Extinction of the Nahan-Sirmur boundary. — The Nahan-Sirmrfr 
boundary of the Simla region and of the Nahan area is one and the same 
as the main boundary of the iniddleHimalayas (p, 528) — the junction of the 
tertiary Sub-Himalayan formations with the old rocks of the higher moun- 
tains. The presence of the Sirmdr outlier on the Lower Himalayas of the 
Simla rt‘gioii does not alter this condition, which continues in force for 
sonii? dislunee into the Kangra area. For a length of 20 miles near 
the Sutlej a ridge of old limestone, along this junction, separates the 
Sirinnr outlier from the Sub-Himalayan zone. Near Behlsjiur this ridge 
trends to east, of north, and Simiur rocks take its place at the boundary, 
while the ridge ero.sses the Sutlej at Dihar; but just beyond the river 
it di(‘S out in the midst of nummulitic clays. 

The j)resen(fe of the Sirrnur rocks, composed in their upper measurers 
of distinctly Sub-Himalayan dejiosits, enabled us to discuss the nature of 


* TIm* ii(*ccsR!irv (listortiou of those sections, to lunke the lilies visible, ^reutlv reduces tht 
verisiuiilitudi- \)f the feutuivs. 
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this main boundary, with the result that it is j)rol)ahly of pre-Ndlian 
origin. Evidence to the same effect is found on the continuation of the 
boundary up to the Sutlej. Although the lower Siwalik (Niihan) rocks 
of the Mailog and Nalagarh hills are greatly disturbed and deej)ly eroded, 
no trace of the distinctive rocks of the contiguous Sirmilrs has been 
detected ; on the contrary, we find here strong additional evidence of the 
asserted unconformity in the eastern region. Althougli clearly on the 
prolongation of the N4han zone, the rocks of the Mailog hills do not 
closely resemble the corresponding rocks of the Nahan area; the massive 
lignite sandstone is not developed, red clays and hard sandstones pre- 
vail, lik(; those at the base of the section at Nahan, and where higher bods 
0 (?eur, they arc; different from any seen to the east. They come in gradu- 
ally along the main boundary, and are in force in the valley of the 
Gamrola and at the Sutlej. They consist principally of thick conglo- 
meratic sandstones, and the debris is largely composed of Sirmur rocks, 
including the Subathu nummulitics. Thus it is clc;ar that the oldtn* 
tertiaries were indurated and undergoing denudation at the time when 
these Gamrola conglomerates were deposited. Whether these latter arc* 
really of lower Siwalik age is a point upon which some remarks will be 
presently made. 

The boundary cjontinuos in a very direct line nearly due north, for some 
20 miles beyond the Sutlej, into the basin of the Bias. The cfontrasting 
characters are well displayed nearly to the end, soft grey c*onglomc*rati(; 
sandstones dii)ping llatly eastwards, close uj> to dark red clays and hard 
purple sanclsh)nes of the Sirmur zone, with a high dip in the same 
direction. At one spot, near Dubrog, a contact is obscurely si>eu : coarse 
conglomerates, here containing well-rounded boulders of cpiartzitc and 
gneiss, 2 fc;et in diameter, shivered to sj)linters hi mu by the crushing 
they had undergone, are found jumbled together with .the red rocks, and 
not confined to a definite vertical band \ the conglomerate occurs in slin 
at 100 yards east of an outcrop of the red rocks, indiciating a steep ovc;r- 
lap or a broken fault. Higher beds come in rapidly to the north, on the 
upthrow side, indicating the dying out of the dislo(;ation ; and at last the 
strata are continuous across the prolongation of the main boundary” of 
the eastern region, so that here one can pass ^^'ithout any break from the 
Nahan zone into the Sirmur zone ; and the fresh-looking conglomeratic 
top beds of the former appear to be in regular sequence with the Sirmur 
series. 

The invasion of the Sirmur zone by the rocks of the Nahan zone is 
not, however, complete. Another indc])endent dislocation some I mili‘s 
to the cast takes the phux* of the extinct boundary, ovcrlaj)])ing its end 
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uii(l ninniri^ i() tIuMiortli-wcst in a. ])rom] c;nrvo, parallc'l to the shore of 
tile i^reat hay of the i.or< iary formations, near the head of which tiu* 
Bias issues fi’om the Tnountains. After a run of about 40 miles this 
sul)stitiite dislocation ceases, and is apiin replaced near Barwarna (5 
miles south of Palainpur^ by an exterior line of boundary, on about tlio 
pr<)long;ation of the old main boundary. The recurrence of a similar 
feature on tlie same strike looks as if an early line of ujihcaval had been 
worn down and overlajiped by later deiiosits ; but this su.n^^estion of ihe 
underground direct continuity of these equivalent boundaries on opposite 
sides of the Bias may be only imaginary. It is p(‘rhaps more likely that 
the pe(‘uliarly symmetrical arrangement of these structural lines near the 
Bias should be a necessary adaptation of the planes of fracture in the 
tertiary basin to the form of the comy)ressin^surfac(^. From Barwarna the 
restored Nahan-Sirmur boundary becomi^s a^-ain a very permanent feature, 
traceable continuously through the .Tamil hills to near the .Thelum. To the 
north-west of the Sutlej, however, where the Sirrnur series takes its place 
in the Sub- Himalayan zone, this line of junction can no longer be styl(?d 
the main boundary ; this title must be res(irvcd tor the eontfict of the 
iertiary rocks with the old rocks of the mountains (y). 5i3J)) ; and although 
the hills of the Sirinilr zone liave a v(.Ty markedly greater elevation than 
those of the newer tertiary area, there is always a greater orogray)hieal 
contrast accomy)anying th(^ change from the tertiaries to the old rfx'ks. 

Diflaculties of classification in theKangra area.— We have now 
lost siglit of the features which enabled us io trace exact; divisions in 
tlie tertiary scries in the Nahan area. Even the great houndary which in 
the north-west, as in the Simla region, separates an inner zone of lower 
tertiary rocks, is y)artially obliterated in the ncighl)ourhood of the Bias, 
where one can pass from (jonglomeratcs of Siwalik type down to nummu- 
litic beds without apparent stratigraphieal break. Un(Jonne(jted with those 
boundaries we found in the Kangra area great yxjrsistent lines of sey)ara- 
tion, having more distinctly the stamp of dislocations. If one (*ould 
frankly aeeey)t these lines as faults, |)urc and sirayde, in a comy)leted sei'ies 
of d(‘posits, such as can he rcy>resented in a diagram, the correlation of 
the strata would be an easy matter; for in each area so cut off, w(; find 
a sequenci^ of deyiosits having a very decided general likeness, markcid hy 
hard(T, redder beds at the base, and l)y conglomeratic beds at top. Two 
considerations are, however, always present to sap one^s confidence in 
such ready identifications. There is ihe condition of the almost incred- 
ibly slow creey)ing manner in which the features of disturbance were 
])roduced ; so that, although we must accept these lines of dislocation as 
y>rimarily fractures, there can be no certainly that the fault is of later 
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(late than strata found disturbed in its immediate neig’hboiirhood — tliat 
the cong^lomeratcs on the uj)throw side of the Gharnbar fault an? not older 
than similar beds in unbroken sequence with fractured strata on the down- 
throw side. And from the other point of view it is to be remembered, 
that from late nummulitie times the conditions of deposition of these 
tertiary rocks have been very much alike — rain and river accumulations, 
on the maro^in, and from the debris, of the Himalayan r(*^ion : so that 
a conglomerate of an early diluvial zone might be uiidistinguishnlde from 
a very much newer rock in an outer zone of the same geological field, and 
ttms utterly stultify the prim.d facie conclusion of their geological equi- 
valence. 

A couple of examples will illnstrate the difficulty of any detailed 
d(din(5ation of ecpii valent stratigraphieal horizons in the Sub- Himalayas 
of the North-West J 

Bubhor and Belaspur sections compared. — In the section on 
the Sutlej above liubhdr, fossils are found rather frequently in the middle 
Siwaliks, at a defined horizon, below some 4,000 to 5,000 foot of conglo- 
merates. Proceeding up the river, we find, below and above Belaspur, 
between the Gharnbar fault and the main boundary, a sue(*ession of 
strata that would in many respects answer to those of the Bubhor section : 
the hard red beds at the base are exiwtly similar; the middle grey l)eds 
are only more massive in the Bubhor section ; but the conglomerates 
are quite different. The massive beds of Bubhor contain exclusivcdy 
the rounded hard shingle only found in and near the great Himalayan 
torrents, whereas the conglomerates along the Nahaii-Sirmur junction 
in the Gamrola valley near Belaspur, even where cut by the Sutlej, 
are made up of local debris, principally of the hard sandstones of the 
Sirmurs, but containing also pieces of the softer fossiliferous num- 
mulitic beds of the Subathu group. The lithological contrast is fully 
cxliibitcnl on the sj^ot, for all about Belaspur, up to 200 feet over the river, 
there is a thick deposit of old Sutlej shingle, just like theSiwalik conglo- 
merates of Bubhor, but probably of post-tertiary age, corresponding to 

1 In tlu‘ di'scrription of tins area published in 18f>4 (Mom. (1. S. I., Vol. Til) an arbi- 
trary (•.oniproinise bad to be made on tins score, as time did not admit of a fiirtber study of 
tb(‘ «^rouiid. The Naliaii zone was distinctively coloured up to the Sutlej ; but in the country 
Ixyond, much the larjrer area beinj^ occupied by the bibber beds, of presumably Siwalik a^e, 
till* whole of that area was coloured as Siwalik, rathe* tbaii atteun>t to ])ut in from memory 
the outcrops of the lower liorizons, presumably Nahan. along the several lines of upheaval. 
A comi)romise.on similar grimiids w^as made in the i)roloiigation of the Sirmur zone, on 
account of the total depression of the botUnn iiiimiiiulitie beds, and the a])pearance of higher 
IxhIh, unlike any in the ty]iieal area. Tlie jniper referred to contains many more details 
than «raii be givt?n bore. 
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the similar boulder gravel capping the low hills of the Sivvalik beds at 
Bnbhor. 

The easiest solution of the case is to accept these Gamrola conglo- 
merates as upper Nahan beds; the fact, that Siwalik conglomerates hold a 
like relation of apparent conformity to lower Nahaii beds in the Bubhor 
section, being disposed of through the peculiar conditions of deposition and 
disturbance shewn to have obtained in the Sub-Himalayan region. The 
case may be either complicated or simplified by the fact that farther 
north, along the same boundary at Dubrog, as already mentioned, conglo- 
merates of the coarse shingle type arc in force. As these descriptions are 
taken from a very cursory examination of the ground, it is likely that 
a proper survey will make all clear. Meantime such suggestions as are 
given may be of service to passing observers. 

Doubtful beds in the Sirmur zone. — Our next examjJe is taken 
from the Sirmur zone. The structure of this rock-series in its lypical 
ground, the outlier on the Lower Himalayan border, is somewhat diflenmt 
from what it is when forming an inner zone of the Sub-Himalaya, u 
area, from immediately north of the Sutlej. In the former position tlio 
lowest beds, the Subailiu nnminulities, are always i*r(.‘ely exposed in tlie 
low ground at the edge of the area, and detached j)atehes occur outside 
the principal area ; wlienjas the nnrnmulitie beds north of tins Sutlej are 
last found on rath(»r high ground in the middle of the band, in tluj 
axis of an anticlinal flexure, and the highest beds of the series app(‘ar 
along the inner jnnetion, dij>i)ing at a liigh angle towards the old i-ocks 
of the liigh mountains. It is so at least till we approach tlie flanks of 
the DhnuladJuir range. As already explained, this inner Sirmur line is 
now till} main hoiiiidary of the w^hole section, and its general regularity 
of direction, combined with the features noticed, is suggestive of fault- 
ing. According to the arrangement described, the top beds of all are 
found at the apex of the curved inner boundary, a little north of the 
Bias. Between Drang and Haurbagh soft light grey sandstones, undis- 
tinguishabh? from Siwalik rock, are succeeded by clays and conglo- 
nuTates. The bigliest beds are exposed in the hill at Sih, and consist of 
massive bands of coarse bre(;eia, rather than Cfinglom crate, bcung com- 
posed of la.rg(; and small angular debris of the cherty limestone and of 
the pink sandstone oeciirring in the ridge close by, towards wliieb the 
eonglomeratcs dip at 40^. 

The peculiarly local character of these top deposit, s is very puzzling. 

It suggests some almost necessary modification of the simjfiy faulted 
nature of the boundary, for the proximity to the old rocks at the time 
of foj ination must have been somewhat like what it is now. But tlu* 



Extra-Peninsular. ] 


THE KANGRA AREA. 


557 


strangest fact is, that although made up entirely of the Himalayan rocks 
recognisable in the ridge close by to the east, the most abundant rock of 
that ridge is not represented in the breccia, although in the actual talus 
of the ridge it asserts its necessary predominance. That rock is eruptive. 
The suggestion is very strong, that the intrusion bf the igneous rock is 
of later date than these tertiary deposits ; and this is the only observa- 
tion by the Survey confirmatory of that made by General Strachey in 
Kumaun (sec page 543), that the trap-rock of the Lower Himalayas is of 
tertiary age. No case of intrusion amongst tertiary beds has been noticed 
in the Bias area, where trap is in great force in the higher hills of Mandi. 
It is worth mentioning that no debris of tertiary rocks was found in these 
conglomerates of Sih. 

Thus again here, within the inner zone of tertiary rocks, at the main 
boundary with the old rocks of the Lower Himalayas, and 50 miles from 
the outer zone of the Siwaliks, there arc rocks which confront us as being 
possibly of Siwalik age ; but thepresumj)tion is that they are older. 

Want of fossils. — That so much disquisition should have been ex- 
pended upon this difliculty, is already an admission that fossil evidence has 
hitherto failed us. But even this negative fact must at pres(Mit have 
some weight in the argument. There is no recorded case of a fossil being 
found in these innermost beds of upper tertiary aspect, nor indeed in any 
iqiper beds inside the Glianibar fault, although that area includes a large 
])ortion of the Karigra district, and the whole of the ground known as 
the Kaiigra valley, where for many years Europeans have been accus- 
tomed to reside, l^be greater part of that area, moreover, btdAvecn the 
lower tertiary zone and the Ghainbar fault, is occupied by rocks 
whi(*h, but for the stratigraphical difliculties mentioned, would be taken 
at once as equivalents of the accepted Siwaliks of the Bubhdr section. 
Whatever horizon those beds belong to, it may be coniidently expected 
that fossils are to be found in them ; but it is well to emjdiasize the 
signifl(fance that may belong to any organic remains obtained from 
the Kangra valley. 

The base of the Dhauladhar range. — The features of the 
tertiary contact-zone, on the north of the Kangra district, along the base 
of the Dhauladhar, ])rescnt peculiar features of interest. Nowhere else are 
t hese late deposits brought so near to the oldest Himalayan rocks. Above 
the sanitarium of Dharmsala, which stands on the Sirmur zone, the space 
is not more than one mile between the tertikries and the ^^centrtil 
gneiss,^^ which rises precipitously in the rugged crest of the Dhauladhar 
to above 1 0,000 feet in elevation. As might be cx2)ected, the general 
stratigraphical features are different in such a position from those of the 
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Lower Himalayan rcgfion. The general view suggested at first sight 
is, that the gneiss occupies the axis of a huge folded flexure, in which 
even the Siwaliks partook. This view would agree with the opinion 
sometimes expressed, that the whole Himalayan mountains have been 
upraised since a late tertiary date ; and indeed the prodigious disturb- 
ance the tertiary rocks have undergone is sufficient testimony of the 
great changes that have been effected within that time. It would, 
however, be most difficult to maintain that the tertiary rocks had ever 
extended much beyond their present limits. This can at least be 
asserted for the beds immediately outside the Sirmilr zone : the enormous 
accumulation of tertiary river-shingle conglomerates along the base 
of the range west of Bhagsu to beyond the Kavi imj)lies the proximify 
of an area of erosion to the north. 

The case is different for the Sirmiir series ; and increasingly so to 
the west. At Dliarmsala these rocks affect a synclinal struciture next 
to the main boundary, but the junction is well defined. At some spot.s 
to the west, as along the Chaki, the Sirmur beds are scarcely, if at all, 
represented ; and at the western extremity of the range, over the Ravi, 
they arc so crushed together with the older rocks as to 1)c inseparable from 
them, or else so altered as to be unn^eognisable. The particular section 
referred to is at the head of a great fan on the left bank of the Ravi 
below Simliu, where the Sirmur beds pass transitionally into a green 
psoudo-amygdaloidal trap]K)id rock, very similar to a rock of the Pir 
Panjal that is currently iiceepted as trap])ean. The section is so distinct 
as to have suggested that the Panjal rock would turn out to be altered 
Sirmurs. This conjecture has not been confirmed; but it illustrates 
the degree to which the lower tertiary rocks are imj>Iicated in t,h(^ 
structural features of the Hliauladhar. It is worth mentioning that on 
an outer outcroj) in this position, a bed with obscure loaf marks was 
found, cxa(‘tly like that of Kasauli, and so far suggesting the integrity 
of the Sirmur group. 

The Mandi rock-salt.^— As it is still a, disi)uted point wliether the 
rock-salt of Mandi belojigs to tlu‘ Suh-Himalayan or the Lower Himalayan 
rocks, it will be most api)ropriate to notice it in this section treating 
of the Kangra district. The ro(;k is known in the country as "" black- 
sali.,’" in contradistinction to the pure mineral of the Salt Raiig-e. It has 
a dark, purplish hue, is quite opaque, and contains about 25 j)er cent. 
of earthy matter, the «alt itself being nearly pure sodium chloride. It 
is only us(.‘d hy the poorer classes, after being subjected to a purifying 

1 Mem. (i. S. I., Ill, I»t. 2, p. 60. 
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process by fire and water. Small nests of crystalline salt occur, but 
so rarely as to be reserved for the use of the Rajah and his household. 
The mines or quarries are at Drang and Guma, 14 miles apart. 

The salt occurs in a constant position, at a short distance within the 
well-defined boundary between the tertiary sandstones and the slaty 
calcareous rocks, apparently all belonging to the Lower Himalayan series, 
which are here, on the margin of the Bias basin, in a state of extreme 
disturbance, with abundant trappean intrusion. Its occurrence in a 
constant position along the general strike of the associated strata, 
and the distinct lamination in the rock itself, sufficiently prove its 
sedimentary origin. But besides the earthy matter, laminated or 
diffused, the salt commonly contains small angular pebbles, princij)ally 
of pink quartzite and of limestone, very like the rocks of the adjoining 
ridge ; and where the salt itself is wanting, this character is often 
found in a calcareous rock in the same position in the section, as in the 
Suketi, a few hundred yards above its confluence with the Bias, and 
again in the Kangra district, in the river east of Bir (Beer). 

Tlic ])resence of these pebbles may have suggested to Mr. Theobald 
his oj)inion,i ihat the salt- rock of Mandi and the narrow band of rock 
l>el ween it and the main l)oundary are of niimrnulitic age. The fact 
already mentioiKHl, that the Subathu nurnmulitic bods are not found 
in a recognisalde form throughout the greater part of the Sub-Hiinalayan 
zoiH* in the Kfingra ar(‘a, gives at least negati ve sup])ortto this conjecture; 
and positive su])j)ort may be found in the fa(‘t observed in this same 
area, as mentioiKHl in the preceding section, how the nurnmulitic rocks 
liere have been to some extent disguised beyond recognition, so as to be 
more akin in aj)pearaTice to the old rocks than to their real associates of 
the tertiary zone. 

North-western termination of the Kangra area.— The outci- 
Siwalik range of the Kangra area does not cross the Bias. The second 
(Parwain) range, also of that region, cuds at IVthankot, east of the Ravi. 
This (‘xtinetion in echelon of the outer Sub- Himalayan rang(‘s is 
structural, and not merely due to denudation. It will be shewn that the 
termination of the Dhauladhar cast of the Riivi is probably of a similar 
nature, and the coincidence of these homologous features in the newest 
and oldtist rocks in this terminal Himalayan region is noteworthy, 
although no very direct connexion can be suggested, except that tln‘ 
reduction of dimensions of the mountain -features took place in a like 
fashion in cacli zone, whether synelmmously or not. 


^ MS. I (‘port. 
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The Jamu aiiea : boundaries. — Jamu (Jum.is the capital of 
the Sub- Himalayan territories, and the winter resvb^f the Maharaja 
of Kashmir; and the name may appropriately be I'his section of 
the Sub-IIimalayan zone, the limits of the arej^^* ^ilso very well 
marked by ])hysical characters.^ The Jheliim is tP^tern boundary, 
where its course lies in the axis along* which al^l^^’^ta bend at an 
acute angle from their Himalayan strike into th mountains of 
Hazara and of the Salt liauge, cm a(;count o^-^^ it has been 
chosen as the limit between the Himalayas the Punjab hill 

regions, described in the preceding chapter.* west boundary of 
Jamu is the Kavi, which also coincides with a^^^^i’hed stratigraiilii- 
cal node. 

Special feature. — As the peculiar expand the Nahan zone 
of the Sub ^-jiinalayas in the Kangra area corrl^d with the ex- 
tinction 3 Lower Himalayan region, so the ncculiar character 
of the |nialayan region of Jamu is the ^ of the Sirmiir 

zone, tak,^ ^ ^ rise from the abrupt extin ctioni^l^hanhulhar axis 
at the Ka inward step of the lower if s^one corres]>onds 

with that Ox the outer zone : the two ov>' \ Siwalf<^s of the Kangra 
area having died out, the outermost range of tpB area occurs on 
the prolongation of the Badsar-Nurjiur dislocatir 

Sirmur zone at the Ravi. — ^The chan' features fi*om the 
Kangra to the Jamu area is otherwise so decide J’cmark able that 

the two master-dislocations of the Kangra aroa-^^^‘*'>^^^l^ai'"lhisauli and 
the Badsar-Nurpilr faulted flexures — continue ^ check or turn 
across the Ravi. The contrast they presc way with the 
boundaries of the inner tertiary zone is very • the SijTnur band 
maki?s two abrupt, nearly rectiingular, bends K^vi ; and the river 
runs for about 7 miles in a south -south -west along, not across, 
the local strike, where the whole series of forr l^cnds round across 
the termination of the gneissic axis of the Hlr**' The condition of 
the Sirmur rociks at their inner contact sugf® already described, 
complete participation in the intense contortii^ older rocks ; while 
on the outside, the Sirmdrs are in sharp contrast^^P^-ratively fresh- 
looking conglomerates. These arc enormously th Dot very coarse, 
as the upper Siwalik conglomerates always are^*^ great rivers. 
Debris of the Sirmur sandstone occurs in these d^^Dieratcs ; but 

* Tho maps pul»lish^^(l witli the followinp^ papers are on tlic‘*» **-’**k when joined 
jj^ive a fair view of the features noticed in the Ic^^^^itiyan Country 
between the (hinges and the Jlavi, Mem. (1. S, 1., Ill j Jamu aiid^ lk;c. G, rS. I., IX ; 

North-West rmijah, llec. G. S. I., X, 
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here a^ain it was observed tliat the jiscudo-arny^daloidal trapj)oid rook 
is not represented, although it constitutes at present the most abundant 
detritus at the surface. These outer rocks, tr)o, are greatly disturbed, 
being for the most part vertical along the south-south-west strike, so 
that we cannot say that they have not been subjected to the whole 
disturbing action ; and the abrupt contact of beds of very different hori- 
zons would suggest faulting. Taking everything into consideration, 
however, it seems probable that this line of junction is not primarily a 
fracture, or at least that its form has been determirwjd by local features of 
the surface, in the same position as those now so conspicuously developed. 
It is an illustration in this ground of the slow process of growth of the 
mountain structure, already illustrated from other sections. 

Western expansion of Sirmur zone. — The suppressed and dis- 
guised condition of the Sirmur zone is one of the pe(juliarities of the 
Sub-Hi rnalayas of Kangra, where the Subathu (nummnlitic) group has 
not been detected throughout a distance of more than 1 00 miles south- 
east of the Ravi. The expansion of this zone and the free exposure of 
the bottom group, and even of the supporting ro(rks, are, on the con- 
trary, the most marked features of the Sub-Himalayan area of Jamu. 

1 n this last respc'ct the Jamu tract resembles the original Sirmur area 
in the Lower Himalayas of the Simla region, except that in the 
latter instance the tertiary strata lie as outliers on the old rocks of the 
mountains, when^as in Jamu the old rocks appear as inlicrs in the 
Sirrniir zone. Tliis comparison might only imjdy a relation of degree 
in the amount of denudation the two areas had undergone ; but the 
case is far otherwise: there is a great difference in the stratigraphical 
relations of the two rock-series in the east and in the west, confirm- 
ing in a very marked way the ojniiions arrived at, from the study of 
the upper tertiary groups, regarding the growth of the mountain- 
system. It is also t/O be particularly remarked that in Jamu as in 
Kangra, but not in the Sirmur area, the nummnlitic rocks never occur 
at the inner boundary of the zone. 

At the R^lvi the Sirmiir band is less than a quarter of a mile wide. 
It expands gradually to nearly 20 miles at the road from Jamu to 
Kashmir ; at. Rajauri it is reduced to 12 miles ; aud farther on, at the 
Punch, it is nearly 60 miles wide. As in the ease of the upper 
tertiaries of the Kdngra area, this expansion and irregularity is due to 
the unsteadiness of the inner (main) boundary — a character which 
appears to shew that that boundary is m<Te prol)ably due to original ^ 
features of the ground, than to subsequent faulting; while the outer 

L 1 


* See note, p. 528. 
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1)Oundary is very stead}’^ in direction, and is clearly connected with faulted 
flexures. This latter feature dies out in an anticlinal axis to the north-west 
of Kotli on the Princh, before reaching the Jhelum ; and to the south-east, 
except for its .concealment at the Bias, it is more or less continuous with 
the Nahan-Sirmdr boundary of the Simla region, the ^^main boundary 
of the tertiary zone in the middle Himalayan region. This resemblance 
or even correspondence with the main boundary of the Lower Himalayas 
east of the Sutlej is further increased by the appearance of the 
great limestone inliers along this line in Jamu; yet the discussion of 
the feature in the Simla region seemed to be against its being primarily 
a fault there. 

Within 15 miles of the Ravi, above the village of Marun, over the 
Pain (Pinci) river, a thin calcareous layer with nummulites was observed, 
high in a thick section of red shaly clays at the outer edge of the Sirmur 
zone. The occurrence of even these upper Subithu beds along this 
boundary is not, however, constant. On the contrary, something like 
a regular succession of high and low beds, occupying alternating inter- 
vals across the Sirmur zone, as of waves along the strike, is very observ- 
able in the Jamu area. It is well exhibited in connexion with the 
great inliers. 

Inliers, — Tliesc protruding masses of old rocks within the Sirmur 
zone occur in two pairs : the Lapri and Sangar-Marg ridges on the 
Chinib, and the Ranjoti and Debigarh ridges near the Punch. They 
are formed of hard limestone, conjectured to be of palaeozoic age, with 
subordinate flaggy sandstones, and they stand out high above the 
surrounding tertiary strata, — a result due ])roxiinately to denudation. 
Lapri has an elevation of 9,914 feet, and seems to be protruded abruptly 
through the red beds of the Sirmurs, no distinctively Subdthu beds having 
been observed near it. Sangar-Marg, 6,676 feet high, is the largest of 
these inliers, being more than 30 miles long, and 5 to 8 miles wide ; the 
Chinab passes by a deep gorge exactly through its centre, just above 
Riassi. 

Characters of the Subathu group.— The marked character of the 
bottom Subathu beds makes it easy to distinguish the base of the ter- 
tiaiy series. The composition of this group in the Jamu area diflers 
from that exhibited where the formation was originally described in the 
Simla region. In the latter ground the calcareous element is very sub- 
ordinate and scattered, whereas throughout the Jamu hills all the lime- 
stone is concentrated in a steady and purely calcareous band near the base 
of the group. It is constantly underlaid by a band of carbonaceous shales 
not found in the Simla region, and often including a coaly layer. Thus it 
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Would be very easy to distinguish lithological iy an upper and a lower 
division o£ the Subathu group in this western area. But the most con- 
stant rock of all is the pi soli tic ferruginous clay already mentioned as the 
bottom rock in the Subathu section, an exactly similar bed to which is 
found in the same position all through the Jarnu hills; and the same 
occurs again in the ^alt Kange, where, at the east end at least, the 
immmulitic group is represented by these three bottom bands of the 
Subjithu group of the Jarnu region. This fact is noticed here in 
order to record a suggestion regarding this peeuliar bottom bed : in some 
respects it very much resembles a form of the high-level laterite of the 
peninsular area, the differences being easily attributable to contin- 
gencies that have affected the Himalayan rocks; its remarkable constancy 
over so largo an area is also a strong point of similarity with the laterite, 
in which this uniformity, at great distances and wlien surrounded by very 
different rocks, is so puzzling a character ; and lastly, this Subathu 
bottom bed is on the geological horizon, already suggested ' as probable 
in the case of the high-level laterite formation of the peninsula, and a 
similar rock has been already noticed on the same horizon in Guzerat,*-^ 
Kachh,=* and Sind.^^ 

Relation of tertiary to palaeozoic rocks. — In Sangar-Marg and 
in the western inliers the original relations of the tertiary series to 
the old rocks is fully exposed, and in all it presents itself as perfectly 
parallel superposition. It is diffietdt to conceive that a junction of palaw.)- 
zoie and tertiary strata can really l)e conformable, and a close examination 
will no doubt reveal some discordance ; but it is certain that tlirough 
all the contortions exliibited in these rocks the same contact beds 
are found together over large areas, and are, locally at least, quite 
conformable. This local conformity is exhibited at the very crest 
of the ridges ; so these must be altogether due to disturbance of post- 
nurnmulitic date. 

At many points all over the Sangar-Marg ridge, the Subdthii bottom 
bed rests upon a breeciated sandstone, associated with the great palajozoic 
limestone of the inliers. An oehrey iron ore has been extensively extracted 
from nests in these shattered top beds of the old formation, having pro- 
bably been derived by infiltration from the coaly and ferruginous beds below 
the nuramulitic limestone. In this great limestone itself the bedding is 

1 Ante^ p. SG'l!. Thii cliapter on laterite Lad unfortunately been printed off before this 
remarkable coniiri>uitory evidence of the theory there put forward as to the origin of high- 
level laterite had hocn recognised. 

* Ante, p. aU). 

Anie^ p. 345. 

* Ante^ p. 457. 
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often veiy obscure^ but with such characteristic junction beds the relations 
of the two formations are very wdll seen : how the old limestone^ as yet 
uncontorted, must have formed the floor of the nummulitic deposits, 
and was brought up and exposed on the axes of great complex anti- 
clinal flexures, the covering beds having been more or less removed during 
the process of upheaval. * 

At the north-west angle of Sangar-Marg the axis of one of these 
flexures is very well seen, the old limestone disappearing under a saddle of 
the nummulitics, which continue exposed for many miles in the valleys to 
the west, a middle rib of the old limestone appearing again at two points of 
the outcrop. Copious hot sulphurous springs occur at Barmandal in the 
nummulitic coaly beds close to this axis, and again hotter springs at the 
point of the llanjoti ridge, on tbe banks of the Piinch, where a corre- 
sponding anticlinal feature is well seen. Along the valley of the Choti 
Tawi, east of the Chinab inliers, and to the west, in the valley of the 
Bari Tdwi, between the two groups of inliers, much higher beds of the 
Sirmur series are found, on the very strike of the older rocks, thus shew- 
ing longitudinal undulation of the disturbance, as already mentioned. 

Compared with sections of Simla region.— The contrast between 
the relations of the Subathu group to the older rocks of the .Tamu inliers 
and of the Simla region is a very noteworthy point in the history of 
the Himalayan region. The full effect of the evidence depends a good 
deal upon the identity of the old limestones of the two regions, and 
upon this, as will be explained, different conjectures have been offered ; 
but even supposing the Jamu rock to be car])oniferous, and the Krol 
limestone to be triassie, the difference would still be important. In both 
areas the parallel superposition shews that the contortion of the old rocks 
occurred after the de])osition of the eocene strata ; in the Simla region, 
liowever, the nummulitics were deposited close to the limestone, but on 
beds a thousand feet below its horizon, e,, on an area where the lime- 
stone had been deeply denuded : whereas in Jamu the same nummuli- 
tics were laid down evenly over the limestone itself. Supposing the 
limestones the same, the fac*ts would imply that the eastern area had 
been for long exposed to denudation as a land surface, while the western 
had been by some means protected from erosion. Analogous conclusions, 
as to an earlier elevation of the Lower Himalayan area, have been already 
strongly suggested from a comparison of the Nahan-Sirmur and Siwalik- 
Nahan relations to east and west of the Sutlej. 

Doubtful newer rocks of the Sirmur zone. — In the Sirmur zone of 
the Jamu hills we have again to encounter a puzzle noticed in the Kangra 
area. Passing west from the Ravi along the inner (main) boundary, higher 
beds in the tertiary series arc found, not accounted for by difference of 
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olevation, apparent conformable sequence being observed throughout. 
At several places in the upper Tdwi vklley, below the Bindi gap, coarse 
massive conglomerates are nearly vertical, close along the boundary. 
The peculiarity of these beds as compared with those noticed in a like 
position at Sih (page 556) is, that the partially rounded shingle of the 
Tawi conglomerates, containing some blocks 2 feet in diameter, is made 
up almost exclusively of bottom tertiary sandstone. 

The question whence was derived this ancient tertiary debris, at the 
present inner edge of the tertiary area, is of much interest. The con- 
glomerates occur just where the river, within 10 miles of its rise on the 
Kund-Kaplas mountain, 14,241 feet high, crosses the main boundary 
from the north-east. This mountain ridge has not been examined, but 
all the detritus in the river at present is of metamorphic rocks, and there 
is no known occurrence of tertiary sandstones to the north of the Sub- 
Himalayan boundary nearer than the basin of the upj)er Indus in Tibet. 
Their sub-angular condition and size give a strong presumption that the 
blocks of comparatively soft sandstone forming these conglomerates 
have not travelled far ; and these fragments may possibly have been 
derived from some tertiary rooks exposed by a line of early disturbance 
in the area to the south. The probability seems, however, in fav5ur of 
the blocks having come from the noHbwards, beyond the present main 
boiitidary ; and what we know of the processes of disturbance in these 
mountain sections, would admit of a very limited range to this former 
extension of the tertiary deposits. The rocks at the edge of the suf)posed 
tertiary basin may have been slowly, but abruptly, turned up along a 
moiioclinal flexure ; as thus indui'ated and exposed to denudation, their 
debris may have been laid down in conformable sequence upon their 
undisturbed main area, until the fracture suj)ervened, which resulted in 
the present steep contact with the ancient supporting rocks. Or it. 
might be possible to derive these blocks from the exposed top of 
an anticlinal flexure in a former great spread of these lower tcr- 
tiaries to the north, possibly continuous with the veiy similar deposits 
of the Indus valley in Ladak. Independently of geological considera- 
tions, the law of parsimony (to favour the least laborious process) inclines 
to the former supposition; and in any case it is highly probable that the 
area of denudation was close by when these conglomerates of coarse 
sub-angular debris were formed. 

The question of the age of these conglomerates of the Sirmur zone 
is rendered more diflicult in tins position from the fact of tiieir containirg 
Sirmur debris. Indej)endenlly of this, the great thickness of the series 
implies a great difference of age (in years) between the top and botu 
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beds ; arid it is evident that nndei^j^^ synchronous pari pasm operations of 
disturbance and deposition, as ury Sub^Himalayan zone, 

the presence or absence of even local unconformity is of compara- 
tively little iniport, and thus soi^ ordinary stratig'raphical criterions of 
relative a^e fail us here. There^^^^ other beds in this zone that would 
even more directly sujygesta muc gii-miir beds of the 

standard area ; as on the band of iep|.ggg}on of the Choti Tjiwi, there is a 
considerable thickness of soft p^^ Chincni, more like 

upper Siwaliks than anything else. p[joy are topmost beds, bin. in apparent 
sequence with all the other strata ^ 

rash at present to say that any of Siwalik ; yet it is seem- 

ingly awkward to include, as Sirnj^.^ 

debris. Fossils only can decide tl^^ questions, and as yet none have 
been found in these beds. 

other general features of ^ 

rocks as those on the Chota Taw, 

Sirmiir zone of th^ a,-ea b.,t large 
been traversed. On the Chmab see^^ 
higher beds prevailing again on 

Jhelum in the b.rniur zone bdow^ri is with the strike of the rocks, 
along a broken anticlinal, having 1^ ^ to the north. A 

continuation of this featm^ ,s tracea,^ southward towards Rajauri; and 
east of tbe dislocation, in the ridge ( tt -• p- , ; 1 

Cl 1 V A mu • * I iMi Fir, there IS an ou+jrop 

ot Subatlm limestone. Iheprmcip i p ^ * 

. , , . XU r o • deformity of tbe direction of the 


main boundary is north of Rajaui 


whore there is a broad angular 


prejeefou of Ihe rocko of tke Pj^r Pao,, . ^ 

SMtiom ot the ti oo nataro ot the .-00^, 

No .t« 0 y 1™ yet ten el t., ^ 

ahad, close to the contlueiice or tlio K, i xi xi i 

, ^ \ henganga and the Jhelum, where 

the mam boundary, with the strike and the course of 

the Jhelum,heudatan acute angle 3..^ 

Himalayan ranges. Ihe , position sei^^ approximately coincident with 
the introduction or expansion of tl limestone to the 

westward ; and tor some little distanct^ 
bend this rock occurs at the bounda^ 
with induced stratigraphical eharaeters 


^on the Himalayan side of the 

Such coincidences of original 

’re often very suggestive of cor- 
,te mtnrpretoW, P, the ™,,th-wee j 

4-t-.«. -n.U.xl^ K ri ■*•« rtT rkl' 4\f- T.Hft r»/^T f ^ 

ary zone is changed : instead 


the whole character of the bottom U; 
of a continuous main boundary, sepan- 


ing all the tertiary deposits 


from the rocks of the higher range, lli„,a]ayan region, we 

find the nummuhtic beds folded up promi.^^^^,^, underlying 
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formations, resulting in a very patoh-work appearance of the outcrops, 
as shewn in a map. Thus the nearest physical equivalent of the main 
boundary of the Sub-Himalayas should be near Abbottabad rather than 
near Murree.^ This contrast mig^ht, of course, be due simply to greater 
elevation and denudation of the western area ; but it is probably further 
connected with other original points of difference between the two 
areas, besides the one already mentioned : in the trans-Jhelum ground 
other formations Qurassic and triassic) are introduced between the 
Subathu group and any representative of the palaeozoic limestone of 
the Jamu inhere. 

The Siwalik-Sirmur boundary. — Pending the palaeontological 
determination of the equivalent horizons in these several zones of 
similar rocks, little more can be done than to describe these mere rock- 
features. The outer boundary of the Sirmur zone of the Jamu area, 
on the prolongation of the main Iwundary of the Lower Himalayan 
region, has already been noticed as mainly a fault-line. This is strongly 
suggested by the straightness of the feature ; and everywhere along 
it, beds of different horizons are in contact, till at last, within a few 
miles of the Jhelurn, it dies out in an expanded anticlinal flexure, where 
again, as on the Bias, one can pass from the Siwalik to the Sirmur zone 
without a break. Thus this feature, vrhether dislocation or not, of 
principal magnitude and persistence throughout the whole Ilimalayan 
l>order, comes to an end wdthin the Himalayan limits, not like the more 
simple features of disturbance, recognised as primarily faults or flexures, 
which are continuous with like features beyond the Jhelurn. There is one 
remarkable irregnlarity of this boundary at the Chimib ; and the normal 
direction of the Siwalik zones undergoes a corresponding deflection in 
this position. At Biassi, wdiere the river passes through the Sangar- 
Marg inlicr, there is a wide bay in the south face of the limestone ridge, 
making a very marked indent in the course of the outer Sirmur 
boundary. 

The Basauli-Naushera fault. — On the Ravi, where a much more 
abrupt twist affects the inner tertiary (Sirmur) zone, it was noted that 
the great dislocations in the Siwalik zone swept past it with little or no 
deviation. It is not so at the Chinab : the Ghambar-Basauli fault curves 
northwards into apparent, or actual, continuity with the eastern face of 
the Ridssi bay, thus cutting off the inner Siwalik zone of Udampur 
and Kdngra. This effect is, however, not permanent, for an equivalent 
dislocation emerges in continuity with the western side of the bay, 

^ In the North-West Punjab Map, referred to in the note, p. 560, the boundary west of 
the Jbelum, continuous with the main boundary to the east, is probably a junction of upper 
and lower Subutbu beds. 
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and forms tlic Naiishoia faulted anticlinal, with the Kotli synclinal dun 
between it and the Sirmur zone, representing the Udampiir dun to the 
east. The Naiishera dislocation is as important as its eastern representa- 
tive ; it curves round across the Jheliiip, north of Mount Narh, passing- 
south -westwards towards Rawalpindi. 

Riassi conglomerates. — The actual continuity of this Basauli- 
Naushera dislocation, round the edge of the Riassi bay, may possibly 
be maintained. Tliere arc no observations to settle the point, or to 
shew the relation of this dislocation with the outer Sirmilr boundary, 
where the two are confluent at the base of Sangar-Marg, Thus 
it would seem that the conglomerates on the Chinab, in the Riassi 
bay, belong as much to the middle as to the inner Siwalik zone ; 
and there is strong presumption that they correspond in age to the conglo- 
merates of the inner zone on the Ravi, north of Basauli. In both cases 
the conglomerates occur in force only near the gi*eat rivers. 

The outer Siwalik zone. — The Riassi bay is most marked in the 
outer Siwalik zone. The Badsar-Niirpur anticlinal, which is a conspicu- 
ous feature throughout the lower hills of Jamu to beyond the Jhelum, 
where it bends south-westwards to Kahdta, makes a deep swerve north- 
wards at the Chindb, so tliat the outermost Siwalik range north of 
Jamu runs due north and south for some distance. This corroborates the 
suggestion that the Basauli -Naushcra dislocation does actually run up 
to the inner boundary under Sangar-Marg. The elucidation of this 
very exccj)tional feature, in connexion with the great inlier, would form 
an interesting study. 

Outside the Badsar-Nurpur flexure there is no great continuous dis- 
location passing across the Jhelum from one direction of strike into the 
other, as in the deeper sections to the north : a number of local independ- 
ent flexures pass off more or less obliquely from the Himalayan strike, to 
terminate in a reciprocating manner with the flexures of the Salt 
Range system.^ This arrangement exhibits, in even a more convincing 
manner, a synclironous action in both directions of disturbance. In this 
struggle for room the Salt Range system seems to have had the best of 
it : flexures belonging to it *are more persistent in overlapping the 
Uimalayan series. The last example of tliis is the Pabbi or Khariaii 
aiilicliiiiil ridge, consisting of Siwalik rocks, striking due north-east close 
up towards, and at right angles to, the Sub-Himalayan ranges at 
Biiiinbar ; its prolongation for 18 miles would thus strike the great Siwalik 
dislocations on the Bari Tawi, more than 50 miles from their diversion 
on the Jhelum. Ibis outlying Khariun flexure is altogether east of the 


> See maps quoted in note, p. 560. 
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Jhelum, and forni.s the only exception to this river forming* an exact 
boundary of the Sub-IIimala-yan system. 

Summary. — As other considerations made it necessary or desirable 
to break up the description of the Sub-IIiraalayan zone into sections of 
areas more or less natural or arbitrary, we must now endeavour to in- 
dicate connectedly the chief poiiifts of evidence upon which inferences 
have been based regarding* the history of the mountains. 

1. Special Himalayan disturbance altogether post-eocene. — 
Where the original relations of the lowest tertiary deposits, tlie Subathu 
nummulitic group, to the very ancient (paheozoic) rocks of the moun- 
tains are exposed in the Simla region (p. 532) and in Jamu (p. 563), we 
learn that tlujse old rocks had then undergone no contortion, where 
now contortion is extreme. We might thus infer that the Ilirnalayas, 
as a region of special disturbance, had then made no beginning, and for 
this southern zone of the mountains this inference is conclusive ; but there 
are other facts to qualify it as regards an earlier stage of Himalayan 
elevation. 

2. Eocene Himalayan land. — The remnant of lowest tertiary 
rocks preserved on the margin of the Lower Himalayas in the Simla 
region, reveals other original relations not elsewhere discoverable — (a) the 
old rocks had hero been deeply denuded (p. 533), as by subaerial denuda- 
tion ; {/j) the Subathu beds here are very variable in thickness (p. 533), 
suggesting proximity to a limit of deposition to the north-east ; («?) the 
marked deficiency in these Sub-Himalayjin nummulitics of open sea 
deposits or organisms (p. 531) suggests at least estuanne conditions ; (d) 
the regular succession here of deposits of true Sub- Himalayan tyj)e 
(pp. 525, 530) can-ies on this suggestion, implying that before any special 
contorting action had set in, the general conditions of Sub- Himalayan 
deposition had been established by a'general (continental) elevation of 
the Himalayan area. The presence of terrestrial plants in the Kasauli 
beds also proves the proximity of land. 

3. Doubtful extension over the Lower Himalayan area. — 

Even in the Simla region, the border of that eocene Himalayan 
land is only approximately and conjectural ly indicated. The inner 
boundary of this Sirmur outlier is quite different from any line of junc- 
tion in the Sub-Himalayan zone (p. 534) : these latter are universally, to 
some extent or other, special features of Himalayan disturbance, forming 
single continuous lines of boundary ; whereas the former is the outcrop 
of an irregular surface of deposition that had subsequently undergone 
•simple corrugation and denudation. As regards the country to the north- 
west, the absence in the old rocks of Jamu (p. 564) of the denudation 
which is so marked in the Simla region, suggests that the long pre- 
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tertiary elevation of the Lower Himalayan region had not extended to 
the north-west. The features of the boundary in this direction also 
leave it an open question how far the tertiaries may have extended : wc 
find these either amalgamated with the older rocks in their most extreme 
condition of disturbance (p. 558), or in abrupt faulted contact (p. 505), 
both states implying some former extension ; so there remains only the 
fact of composition to suggest that there, too, there was a neighbouring 
eocene land. 

4. Actual Himalayan border defined in middle tertiary times. 

— To the east of the Simla region the case is the reverse of that de- 
scribed to the west : no trace of lowest tertiary rocks has been found 
in the Sub-IIimalayan zone in this direction (p. 534) ; the Sirmdr rocks 
seem to have been uplifted, and more or less completely removed by denuda- 
tion, in early tertiary times (pp. 534, 540), when the present Himalayan 
border was defined. The only coiineetion suggested for the Subathu group 
in the east is the strikingly similar nummulitic beds in the Gdro hills, at 
the west end of the Assam range (p. 535). * 

5. Its partial extension to the north-west —This first great act 
of Himalayan disturbance in tertiary times, as just recorded, again resulted 
in the elevation of the Lower Himalayan as comj)ared with the north- 
western area, producing the Nahan-Sirmdr unconformity, and the main 
boundary of the whole middle Himalayas. In the north-west iho 
Nahan-Sirmur boundary is the most important structural feature within 
the Sub-Himalayan zone ; and there, too, it is doubtfully a feature of 
simple dislocation (pp. 560-1). The elevation in the east seems to have 
taken place earlier : seemingly newer rocks occur in the Sirmur zone 
north of the Sutlej than in the Simla region (p. 556). 

6. Himalayan river-gorges in Siwalik times same as now.— 
The great accumulation of conglomerates, and their marked variation 
in quantity and quality in relation to the great Himalayan torrents, 
are most marked in the outer Siwalik zone (pp. 541, 551) ; and 
the fact admits of no other explanation than that the gorges of these 
torrents in the adjoining mountains were then in the same positions as ' 
now, and have not been sensibly changed by the prodigious disturbance 
to which these latest Siwalik deposits have been subjected (pp. 541, 551). 
In the north-west similar accumulation and distribution of conglo- 
merates are found in the inner Siwalik zones (p. 568). Whether or 
not these prove to be of the same age as those on the outer zone pn 
the same section, the fact is again suggestive of the earlier elevation and 
separation of the zones in the middle Himalayas. 

7. Extreme slowness of disturbing action.— The extreme slow- 
ness with which such great operations of disturbance were accomplished 
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is sufficiently attested by the fact related in the preceding paragraph 
regarding the great rivers ; the inference being especially illustrated by 
the case of the Sutlej at Bnbhdr (p. 551). This case illustrates, too, a 
<*onstant puzzle in these Sub- Himalayan sections — the close conformable 
sequence between strata that were virtually strongly discordant. The 
same process of siniultanf'ous deposition and disturbance gives us some 
iixplanation of the prodigious thickness of these deposits — a thickness 
that would appear excessive if the measurements had to be understood as 
vertical dimensions. 

8. Elevation preceded compression. — One important inference 
upon the theory of mountain -formation is apparent from these observa- 
tions on the Sub- Himalayan zone. Special Himalayan disturbance is 
now nowhere more strongly marked than in this fringing zone ; and it has 
all occurred since a middle tertiary date, for the oldest rocks were then 
implicated in this position. Yet a considerable Himalayan elevation had 
occurred in pre-tertiary and early tertiary times ; and this elevation 
must, therefore, have been of the nature of a simple protuberance 
(hossellement) , 0 V wai’p, as suggested in De Beaumont^s theory of mountain- 
formation j while some more mcKlern theories seem to require that corn- 
j)ression with contortion should be a first stage in the process of special 
elevation. 
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CHAPTER XXIV. 

EXTRA-PENINSULAR AREA. 

SIWALIK FAUNA. 

Tlic later tertiary vertebrate fauna — Siwalik mollnsca — Homotaxis of mammalia — 
Xlci)tilian evideuee — Siwalik fauna probably pliocene — Stratiffrapbical evidence of 
af;fc of Siwaliks — Survival of iniocene forms in Siwalik beds — .Pliocene fauna of 
Pikemii in Attica — Migration — KfPects of cliange of climate — Com]>arativc jioverty 
of recent inammulian faunas — Relations of Siwalik to Perim Island fauna — Comparison 
Avith Irawadi fauna — Coinpari.son of Siwalik and recent faunas. 

The later tertiary vertebrate fauna.*— In several of the pre- 
ceding* chai)ters reference has been made to the mammalian fauna 
found in the upper tertiary beds of Northern and Central India, and in 
live instances, — the ])ost-plioeene faunas of the Gan^etie plain ^ and of 
the Narbada valley,^ the older pliocene mammalia of Perim Island,’ and 
the miocenc faunas of Siiid^ and of Kushalghar’ in the Punjab, — lists of the 
species identified, have been given. By far the most important collec- 
tion of mammalian remains found in any Indian formation is, however, 
that of the Siwalik beds ; and as many of the species found elsewhere 
recur in the Siwalik area of the North-West Provinces and the Punjab, 
it will be useful in the present chapter to give a general account of the 
later tetiary vertebrata of India and .Burma.^ The following is a 
complete list of airspeeies'^ hitherto identified in the miocene, jdiocenc, 

* Ante, p. 402. 

2 1». ;i85. 

3 l\ 243 . 

Crania and teeth of several species, and in tu7> instances. Astragali, are figtircd in 
Plates XV] 1, XVIll, XIX, and XX. References arc ap}NMided in the list of s])ccies. 

' The majority of the tertiary vortidniitiA of India, discovered by Falconer, Cautley, 
Raker and Durand, Avere describiid by Falconer, most of whoso writings, imblislied and 
uii])ublisliod, arc collecUnl in bis iiostli unions “ Pala*oiitologioal Memoirs.” The greater 
}>(>rtioii of the folloAAung notes arc taken from Mr. Lydekker's papers on the Siwalik lamia; 
live. G. S. I., IX, pp. 42, 86, 144, 154; X, pji. 30, 76, 225; XI, p. 64; and Pal. Ind., Scr. X, 
Pts. 2 and 3 ; and from some MS. pa])ers by Mr. Theobald, who has collected a large number 
of the fossils described by Mr. Lvdekker. 


P. 471. 
P. 514. 
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and post-pliocene deposits of British India and its dependencies, the 
distinctly miocene forms of Sind and the Punjab being; distingfuished by the 
letter M, and the post-tertiary mammals by PI being* affixed. To all 
forms that have been found in the Siwalik area, irrespective of horizon, the 
letter S is added; the species from Perim Island are distinguished by a 
P, and those from the Irawadi valley by I. 


S. Macacus sivalenns. 
S. M.j sp. 

S. iSetnno/.Uheeus, sp. 


PPJMATES. 

S. ? Sem.no'pUherus suhhimalayunus, 

PI. XIX, fi-. 11. 

PI. S., sp. 


CARNIVORA. 


FELin.T: — 

S. Fvlis erutaia, 

S. F, palcBotigris, 

PI. F.j sp. 

S. Machcero(hi'f sivalensh, 

S. FseudxplM'us slmdensis, 
VivEUKin.io — 

S. Ivtilherium sivaleim ^ 

11 y.t^nii);r — 

S. Hytena sivalensU, PI. XIX, figs. 

8 , 10 . 

Canipti-: — 

S. Catiis (Viiljfcs), sp. 


Uestp.® — 

S. M. Jmpliin/on pahclndivus^ PI. 

XIX, fig. 4.' 

S. UrsuHf sp. 

I. U., sp. . 

PI. Z7. namadicusy PI. XX fig. 0. • 

S. Ilymnarctua uvaleHniny PI. XIX 
fig. 9. 

S. a, 2)al€eindicu,^. 

Mustkltdvt: — 

i S. Mf'Mivora sivaIcnsLs, 

I S. JMehs, sp. 

j S. Luira palcphidira. 

I S. Fnhydriodun sivalcnsls, PI. XIX, 

I fig. 5. 


PROJiOSCIPEA. 


ELKrUANTIPJK — 

S. Klvphas (Euelephas) hymdricusy 

PI. XVII, fig. 5. 

PI. E. {Miadejthas) namadims, PL 
XX, figs. 5, 8. 

S. E. (Loxodon) planif rons, 

PL S. K. (t^tcgodon) insignis, PL 

XVII, figs. 1,7. 

PL S. E, (Stegodon) gancm, PL 

XVIJ, fig. 2. 

S. E. (Stegodon) sineMsis. 

S. E. (Stvgodun) bomhifrons. 


S. I. E. (Stegodon) cJiftii. 

S. 1. M. (Pentolojthodun) .sleaU nsis, 
PL XVII, fig. 0. 

S. I. P. M.. Masttnlon (Tetralo- 
jiftodon) lalidmify PI. XVII, lig. 4. 
S. P. M. M, (Tctralophodun) jteri- 
mensis, PL XVII, fig. :L 
PL 5^ Af. (Trilophodon) paiidionis. 

S. M. A/. (TrUophodun) Juleoncri. 
Dinothekida*:*— ■ 

P. Dluothcriuni in dirum. 

M. Z>. pcntepotamiw. 
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UNGULATA. 

A. PESISSODACTYLA. 


Ru 1 jrocEBOTii>-a3 — 

S. Bhinoceros plat^rhinus, 

S. M. B. sivalensis, PI. XIX, figs. 1, 3. 
S. M. B. palmndicus. 

S. B. planidens. 

I. B. iravadicus^ PI. XIX, fig. 2. 

PI. B. namadivMs^ PI. XX, fig. 9. 

PL B. deccanensis, 

S. B. 2 sp. 

1. B. sp. 

M. B. 2 sp. 

S. P. 1. Aceroiherium perimcnse. 


Tapi BID jfi— 

I. Tapirua^ sp. 

M. Liatriodon pentepotamia, PI. XIX, 

fig. 7. 

S. X. theohaldl, 
jiIquid.®— 

S. Equus siva ten s I a . 

8. E. paloioniis. 

\ I. E. sp. 

PI. E. namadicus^ PI. XX, fig. 4. 

S. llipparion antelopinurn, PI. XIX, 
fig. 6. 

S. M. XT. theohaldi. 


AUTIODACTYLA. 


IIippopotamidj: — 

PI. lllppopotamus {Tetraprofodon) 
palmiudicust PI. XX, fig. 7. 

S. IL (Hexiiprotodon) sivalensls', 
PI. XVIII, figs. 1, «, 8. 

. I. H. (Hcxaprotodou) iravadiruff. 

PI. H. {Hexaprutodon) namadicus. 
Pi. XX, fig. 2. 

S. Hippopoiamodon sivalenais, 
Tutbaconodontid.® — 

S. Teiraconodon magniia, 

SUTDAJ— 

S. Sus giganteus, PI. X VII, fig. 9. 

S. S. punjahiemis. 

S. P. M. S, hysadricus, 

PI. S. s]>. 

M. Sanitherium arhlaginfweiti. 

8. Hippohvus sivalensisf PI. XVII, 

fig. 8. 

S. H, sp. 

M. Hyopoiamiis palmndicus, 
Anoplotheeidje— 

• S. Chalicothermm sivalensef PL 
XVIII, fig. 4. 

AnTHRACOTIIEBIDjE — 

M. Hyotherium sindimsc. 


S. I. Merpropofamns diaaimllisf PL 
XVII, fig. 10. 

M. Anthracolheriuin xllutrense. 
ChtBromeryx silutrenaut. 

M. Hcmimerpx, sp. 

M. SivameryXf 2 sp. 

CEEVIDA2— 

S. Cervus latidens. 

S. C. tripUdens. 

S. C, sitnplicidevs. 

PL C. 7iamadivus. 

I. C. sp. 

S. M. Dorcatherium ma/iis^ PL X VIII, 
fig. 3. 

S. M. D. mmus. 

CAMELOPARDALTDiE — 

8. Camelopardalis sivalcnsiii, 

S. C. sp. 

P. C. sp. 

S. Sivatherium glganteum, PL XVII 
fig. 7. 

P. Brahmalherium perimensey PL 
XVIII. fig. 5. 

S. IJydaspiiherium megactphalnm, 

S. H, grande. 

S. H. leptoguathus. 

I. Vuthnuthcrium iravadicum. 
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B. ABTIODACTTLA-continncd. 


S. JBos acutifrons. 

S. JB. planifrons. 

S. B, platyrhinus, 

I. B,, sp. 

PI. B, namadicuSt PL XX, fig. 3. 

S. B. (Bison) sivalensis. 

PI. S. B. (Buhalus) palamdlcus, 
PI. XX, fig. 1. 

S. B. (Buhalus) platyrcrits. 

S. Perihos occipitalis. 

S. Amphihus acuticurnls, PI. XVIII, 

fig. 2. 


S. Hemih»8 iriquetricerust 
XVIII, fig. 1. 

S. Antilope sivalensis, 

S. A. patulirornis. 

S. A. port'eciinyrnis. 

S. A. 'palaeindica, 

P. A. sp. 

PL A. sp. 

S. Capra sivalensis. 

S. C. sp. 

P. C. perimensis, 

S. Ovls, sp. 

Camelidje— 

S. Camelus sivalensis. 


MuiiiDJE — 

S. Mus, sp. 
PL M. sp. 


RODENTIA. 

SrALACTD^ 

S. lihizomys sindiensis. 
HYSTRlCIT>iE — 

5S. Jlyslrix sivalensis. 

EDENTATA. 

M Manis sindiensis. 


PL 


Anns. 

S. Argala falconeri. 

S. Other bones belonging to tbo oi’der Gralhe. 


IIKPTILTA. 

S. Crocodilus rrassidens. 
fe. C. leptodus. 

S. C. pal us Iris, 

1*. C. perimensis, 

LACERTILIA. 

S. Varanus sivalensis. 


CROCODILIA. 

M. Crocodilus ^ sp. 

PI. C. sp. 

I. C. sp. 

S. 1. Gharialis gangcticus. 


OPIIIDIA. 

S. M. Verlehrte iiidet. 


ClIELONIA. 


S. I. Colossochelys atlas, 
8. 1. Testudo, sp. 

S. Bellia sivalensis, 

PL S. Emys tectum. 


PL T. sp. cf. gangeticus. 


S. E. (Batagur)^ sp. 

PL Emys (Batagur), cf. dhongoka. 
S. I, Emyda^ sp. 

S. I. Trionyx ^ sp. 
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Siwalik mollusca. — Tlie few mollusca wliieli have been found be- 
long solely to fresh-water or terrestrial forms, and the only comparison 
hitherto made^ was carried out under circumstances so unfavourable, 
with so poor a collection of recent species from India, and at a time 
when the latter were so imperfectly known, that- but little weight can be 
attached to the conclusions formed. No good materials for comparison 
have been procured of late years, and the few specimens obtained are in 
poor preservation, but all the forms collected since the recent fresh-water 
shells have been better known have proved to be either identical Tvith 
living species, or closely allied to them. Amongst those hitherto identi- 
fied, the only land-shell is Bulimus imularis, ^ a species which ranges 
at the present day from Africa to Burma, whilst amongst fresh-water 
mollusks, the two common Indian river-snails, Paludina bengalensis and 
P, dissimilis^ have been recognised, and forms of Melania y' Ampullariay 
and Unio also occur. 

So far as the evidence extends, therefore, the few mollusca of the 
Siwaliks tend to shew that the beds must be of late tertiary date ; for it 
is difficult to conceive that no important change in the species of fresh- 
water mollusca would have taken place had the strata been of miocene 
age. But the evidence afforded by the mollusca is imperfect, and both 
closer comparison and a larger series of fossil specimens are desirable 
before any very positive assertions can be made as to the antiquity of 
the formations on the data afforded by the Invertehrata. In investi- 
gating the question of age, we are consequently forced to depend, jirdy 
upon the V ertebratay and especially the Mammalia ; and secondly y upon such 
geological evidence of connection with other formations of known age 
as the rocks afford. 

Homotaxis of mammalia.— The first question, then, is the homo- 
taxial relation of the Siwalik mammalian fauna. The prcccnling lists, 
it should be repeated, embrace the whole of the collections of Feriebrata 
from the later tertiary beds of India; in dealing with the Siwaliks 
alone, we have therefore to omit all forms found solely — (1) in the 
lower Manchhar beds of Sind, and their probable representatives in the 

* Prof. E. Forbos, in Falconrv’s Pulu.*oiU.ological Memoirs, 1, p. 380. 

Theobald, MS. As in this and the foUowiii<? paraj^rapb Mr. ThoobahVa view of the 
nfliiiities of the Siwalik mollusca has been accc])t(Hl in preference to the bigli authority (jf 
Prof. E. Forbes, it is only just to say tliaiMr. Theobald has a far more extensive knowledge 
of living: Indian fresh-water shells than it was possible for any naturalist in Europe to 
acipiire at the period when I’rof. E. Forbes* note was written. Indeed it is evident from 
I'rof. Forbes’ remarks that the collections of recent Indian shells examined by him wero 
too im})erl'ect to enable him to form a coinj»etrnt opinion. Mr. Benson, a far bettor autlior- 
ity on this particular subject than Prof. E. Forbes, considered the most, if not the whole, of 
the Siwalik mollusca identical with existing: species : FaleoiUT, Pal. Mem., I, pp. 26, 181. 
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'Woslern Piinjiib; — (2) in the localities of Perim Island, the Ira wadi 
valley, and certain l>eds of Sylliet ; — and (3) in the post-tortiaiy clays and 
gravels of the Jumna, Narbada, Godavari, and other Indian rivers, so 
far as all such forms are uurepres(*iited in the Siwalik area. This 
leaves a fauna composed of the following 4*5 genera, each n^presented 
by the number of s|)ccies noted, the toial number of specific forms 
being 84 : extinct genera arc marked with an asterisk : — 

rillMATES — 

Macacui!, ^ ; tSem if op t thorns, 2. 

CAliNlVOKA — 

Foils, 2 ; Marh{Prodns^ (D repan odon), 1; Pseud (Plurus* 1; IcUlhcrium* t; 
Jlpa'na, 1 ; Cants (Vuhpos), 1 ; Antphiopon,* 1 ; Ursus, 1 ; Ilyamarctus* 2 ; 
Mollivora, 1; Melos, 1; LtUra, 1 ; Fnhpdriodon* 1. 

PliOBOSCIDEA — 

Elephas, 7; (Fuelophas, 1; Lo.rodon, 1; Steqodon,* H ;) Mastodon,* d. 
{Pcntalophodon,* 1 ; Tetralopliodon^ 2 ; IVUophodon,* 1). 

Ukgulata peetssodacttla — 

Ithinoccros, 6 ; Acerotherium,* 1; Lisirlodon* 1 ; Equus, 2 ; Hipparion,* 2, 
Ua’GULATA AllTlODACTYLA — 

Jlvppopotamxis {JTexaprotodon*), 1 ; Eippopoiamodon* 1 ; Teiravonodon * 1 ; 
Sus, S; Jlippohyus,* 2 ; Chalicotheriuw,* 1 ; Merpeopotamvs,*! ; Cerrus, 3: 
Doroulherlvm* 2 ; Camelopardalis, 2 ; Slvaiherium,* 1; Ht/daspithcrium,* 
3; Eos, 6; {Bos restricted, 'V; Bison, J; Buhahis, 2;) Perihos,* 1; 
Amphihus,* 1; Semibos* 1; Antilopc, d; Capra, 2 ; Ocis, 1 ; Camel us, 1. 

llOUENTIA — 

Mils, 1 ; Rhizomys, 1 ; Jlystrix, 1. 

Of a large proi^^rtion of the species only very imperfect, information 
exists as to the exact horizon in the Siwalik series at which the l)ones 
have been found, but the great majority are from the u])i)er and middle 
Sivvaliks, none in the ty])ieal area being known to occur in the low(?r 
or Nahan sub-division. It is, however, by no means certain that some of 
the specimens from the North-Western Punjab are not derived from beds 
of the same age as the Nahan group. The mammals of Kushalghar have 
already been excluded from the list, l)eeausc they, like the lower Man- 
ehhar sj)ecies of Sind, evidently belong to an older formation than 
the fossiliferous ])ortion of the Siwalik beds ; and Niirpur in the Punjab, 
the only other locality, besides Kushalghar and the Laki hills of Sind, 

M 1 
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whence Amphicyon has been obtained, may also be upon older strata. It 
is highly probable that some other forms with middle tertiary affinities 
would be found to be confined to lower Siwalik beds, if the precise 
horizon of all the bones collected were known.^ 

On the other hand, one post-tertiary form. Bob [Bubalus) palmndicus^ 
has been found in the highest Siwalik strata, associated with Camelus 
sivalensisy Colossochelys, &c. j and two species of elephant belonging to 
the sub-genus Ste/jodouy viz., E. hmynisTiwA E, ganesa, range throughout 
the upper Siwaliks, and recur in the post-tertiary dei)Osits. The species 
of proboscidians generally appear to have had a more extensive range, 
both in s])acc and time, iban most of the forms belonging to other 
mammalian orders ; but pahmidlcm is an animal of exceptionally 
recent aspect, even in the ])Ost-tertiary mammalian fauna, since it is 
only distiiiguishable from the living Bos bnbalns [Buhaltis InJIelas v. 
B, ariiiy auct.) by comi^^aratively trifling and unimpoj-tant osteological 
details ; it must evidently have been a A^ery near ally, and, in all pro- 
bability, the not very distant jn’ogenitor of the buffaloes which now 
inhabit the Ganges valley, Assam, and parts of the Central Provin(?es 
of India. 

The Siwalik forms, however, which might be excluded on account of 
belonging to an older or a newer fauna, and of being supposed, on 
more or less strong evidence, to be confined to either the lowest or 
the uppermost ])ortions of tlie series, are too few in numbta* to afCect the 
g(meral facies, and there are unquestionably several mioctenc types and 
some post-f ertiary s])ecics found in the highly fossiliferous upper Siwalik 
beds. It is best therefore, for the present, to include all the forms 
enumerated. 

Pr()(?eeding, then, to classify the genera above given, it will be found 
that 24, com])rising 53 si)ecies, still exist (the living species being how- 
ever all, so far as is known, different), whilst 21, with 30 species, are 
extinct. If, instead of reckoning the larger genera, Elephas, Masfodmi, 
Uippopoiamns, and Bus, their sub-genera are counted, the result will be 
sliglitly to diminisli the proportion of recent genera, the recent generic 
types becoming 26, with 47 species, the extinct 25, wdth 30 species. 
The former plan of classification is however, on the whole, preferable, 
because su(;h distinctions as those between Eutdepkas , Loivodon, and Slego- 
dun, for instance, are s(;arcoly of generic value, the majority of the gcnei’a 
named, c. g., Pclis, llliinoceros, Cervm, Auiilojpe, have not been siib-divided 

* A vi'VY proportion of tlie Siwalik remains liiivobecn obtained by native collectors 
employed in tbe search, and of course tbe precise loeulity of the bones is in most cases 
doubtful. 
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like Mepliai and Bos j and the affinities of the fauna are best understood 
by grouping the forms in somewhat larger sub-divisions than the sub- 
genera of older and the genera of many modern writers. 

Taking the extinct genera first, the following ten are peculiar to 
the Indian tertiaries, so far as is hitherto known : — 

Cabntvoba — 

Enhydriodon. 

Unqulata abtiodacttla — 

Hlp’pojmlamodon^ Tetraconodon^ HlppolLyu,% Merycopotanius, Simtlierium^ 
llydaspitheriumy Perihos, Amp?iibos, Hemihos. 

Of the remaining eleven genera, four, viz., P,^eu(lfjdurns, Amphicj/ouy 
Lis(noflo7iy and Boreniherinm^ are only known in Euroj)e from mioceiie 
beds, Facndcelurus being also found in pliocene rocks in America ; whilst 
Mac/uerodasy IbjmnarcBfH, Jdilhmvm, MaModnn, Aoeroff/erluw, Chalimlhe- 
ruim} and Ilipparion are both niiocenc and ])lioccnc ; the first and fourth 
ranging into post-pliocene beds also; the former in Euro 2 )e, the latter 
in America, 

Of the other extinct forms, two, TTippokf/us and Men/ropolamm, ])elong 
to the less specialised tvj)(^s characteristic in general of the older and 
middle tertiarios. Several others, such as TetraconodoUy with its enor- 
mously develoj)ed premolar teeth, and the huge four-horned SlvalJicriam, 
differ widely from anything now existing; hut being highly specialised 
forms, tliere is nothing in their organisation to indicate that they are 
of earlier age than newer tertiary. 

Amongst the re • it genera rcpre.sented in the Siwaliks, eight, viz., 
Fclisy llt/miay Ca/iis, Lidra, lUih/oceroif, Sm, Ctmuts, and AnttlnjiCy are 
known to range as far back as njiper miocoiie, and in one or two cases even 
further; ten, viz., MaimcuSySruinopii/iccus^ UnnSyKleplmfiy Eqtimy llippopo- 
tamnSy CaHtcdopa}AailSyB(hs,lJ^.sfnjry^\\i\ MicSyiiro known from the Eiin)pean 
pliocene beds, but not earlier ; and several are jioorly represented, or only 
known in newer jdioeene strata ; whilst the following, Melliroray Tl/c/c.?, 
Capra y OriSy Ca meins, and lihizomt/Sy have hitherto only been found recent, 
or in post-j)lioceno deposits. 

This examination of the relations between the Siwalik genera and 
the distribution of similar forms in European tertiaries leads, as might 
be anticipated, to a somewhat uncertain result. The proi)ortiou of living 
to extinct genera is greater than is found in most mioccno deposits, 1)iit 
not more than appears to exist in the characteristically middle tertiary 


^ Aeet'olhenum ami ChtiUcofJier}mHnYiiUnm'\ in ])lioct!no bcils at Pikci mi : sot* pfjgt'y-Sa. 
Ictiiherium ocours in tlic plioctiiic ol rikenni, and in iniocoiio bods in IBossariilMU uml in 
Franco. 
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ossiferous beds of Saiisaii in France.^ Tlic presence of four cxtiiiet 
^eueni not known to ran^e above the mioccne period elsewhere is eon- 
t,rasted with the oeeurrcnce of sixteen genera not found elsewhere at a 
longer horizon than pliocene or ])ost-tertiary. There is perhaps rather 
more probability iliat early forms like C^aUcof/termm and 
should have survived longer in India than they did in Europe, just as 
rliiiKK'eroses, tapirs, and (‘lei)hants still exist in the tropics, associated with 
:i fannu amongst which they ap]>ear antiquated and out of place, than 
that such eminently specialised ty])es as Macaws, Bos, Capra, or Equus 
should have lived in mioeene times ; but the argument is of small value, 
f<>r the mioccne Ccrvns and Ant'dope were in all probability as highly 
s})ecialised, or nearly so, as the Siwalik genera. The fact, however, that 
the recent genera contain more s])ccies than the extinct forms is of some 
ini])or<ance, since it is probable that types which were dying out 
Would be represented by f(‘wcr species than those which were supplanting 
them, and which might ftiirly be credited with the vitally important 
j)ower of ])roduciiig distinct specific stocks by variation. A stronger 
argument for the newer age of the Siwalik beds is to be found in the 
^•lose a])j)roximation between some of the mammals and the living 
s|K‘eies of the same genera, the most. rcmarkal)l(* of all being the con- 
nec'tion, already noticcnl, between the fossil buffalo of the uppermost 
Siwalik strata, that of the post-pliocene Jumna and Narbada beds, and 
the common Indian species now existing*. 

Reptilian evidence. — The evidence afforded 1)y the few species of 
rc[)liles sullieiently known to be of importance is decidedly in favour 
of attributing to the Siwalik beds a later ago than mioccne. Only 
six s])ccies arc sutllcicntly well knowm to be fairly comparable, and 
llirtc of these, Crocodilns palustris, GharlaVis gangct]cus,i\\\i\ Kmys tectum, 
arc common living forms noAV inhabiting the same area ; whilst A 
( AV/////) 3 is very closely allied to a living lJurmesc species, 

E. crass} col I is. Crocodilns crass ideas and Colossockclgs alias differ consi- 

d(a-al)ly from all living forms, and Crocodilns Icptodns is very imperfectly 
known. 

Siwalik fauna probably plioeene.— Putting together the whole 
data derived from Mamnialia, Bcplilia, and Mollnsca, it is impossible to 
<h‘uy that the balance of evidence is in favour of a pliocene ago. This is 
npposedto the general consensus of European geologists hitherto,'* and it 

‘ ilorvais, Zool. Pal. Prune., p. 338. 

- riieobald, Uoe. G. S. I., X, p. 4-3. 

' It appears at first sijrht, also, to be in direct opposition to Dr. Fuleoncr’s eonelusions, 
Imi a study of bis writings leaves it doubtful wbetlier be ever expressed any decided eoii- 
vietioii on the subject. He rei»eiitedly noticed the close coiiiicxioii between some fciiwulik 
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would i-herefore be put forward with very little coiifidence if it wore not 
supported by some stratigrapbical data. As the approximate age of the 
Siwalik rocks is a necessary element in any argument founded upon 
their fauna, it will be best to shew how the stratigrapbical evidence 
supports the view that these beds arc of pliocene and not of mioeene 
age, before proceeding to notice some otlier interesting points of con- 
nexion between the Siwalik and other faunas, recent and (jxtinct. 

Stratigrapbical evidence of age of Siwabks, — The si ratigra- 
phical data as distinguished from the purely homotaxial relations pist 
discussed depend entirely upon the connexion between the tyj)ical 
Siwaliks and the Manchliar beds of Sind. The position of the latter 
has been already described in Chapter XIX, ^ where it was shewn that 
the wliole of tlic Manchliar group, comprising, where thickest, but little 
less than 10,000 feet of strata, rests upon the mioeene Caj groii]), the 
age of which is determined by the far more satisfactory data afforded 
by marine organisms, and is sbown to l)e more probaldy up))er Iban 
lower mioeene. Tlie lower Manchliar beds pass down into the GCij 
roeks, so that it is reasonable to believe that no differonce of age of any 
importance exists between tlie two. It has also been shewn that the 
mammalian fauna of the lower Manehhars, although containing several 
species in common with the Siwaliks, is altogether older in aspect ; 
and that the majority of the forms hitherto recognised belong to the 
jieeuliar types of even-toed ungulates allied to Arofy/cojjoffn//f{s and 
Anf/rra(v//ierr^ intermediate in character between pigs and i-iiininanls, 
and peculiarly characteristic of the mioeene epoch. In these lower ]\Ian- 
clihar beds also there is found a form of Dlnol kemim, another mioeene 
type unknown in the Siwaliks proper, though found (the sp(*cies bdng 
distinct) in the beds of Perim Island. Now, there can be no reasonable 
doubt that the Manchliar beds of Sind, as a whole, correspond with llic 
Siwalik format ion of Northern India ; for the two arc iiortions of one con- 
tinuous band of upper tertiary rocks, and, viewed in this light, tiie 
relations of the faunas are very striking, the fossiliferous low<‘r beds 
of the Mancbbar group corresponding to the unfossiliferoiis Niihaiis, and 


forms >mtl ilioso now found in Imliu, nnd apiK*nnMl for a lonn: tiim* (Pul. Mom., 1, p. 28) 
rather disposed to eonsith*r that the tertiary niaminnlhi of India “ lasted lhi*on|jrli :i noriod 
correspond iiif? to more than one of tlie tertiary ])eriods of Europe” tJnin to elass the Siwalik 
fauna with the mioeene of Eutoi)C. Tn his later writings’ he eiu-tainly spoke of the Siwalik 
fauna ns mioeene, hut only incidentally ; whilst in some of his latest ])apers ho argued in 
favour of man haviiif? been a jn-ohahle conteiiijiorary of Colossov.heUis and the Siwalik maiii' 
inalia—aii idea which it is difliciilt to reconcile with the mioeene age of the fauna. 


* See ]i. 46(1. 
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tl)c* jilinost nnfossiliforoiis nppci' Manchhar beds to the ossiferous strata 
of tlie Si^valiks. It has already been shewn how extremely difficult 
it i.s to trace particular zones among*.st the confused and contorted 
ma.ss of the newer tertiary deposits in the Sub- Himalayan ranges and 
the Punjab ; but, so far as the evidence exbnds, it is eertainl}^ in favour 
of a close correspondence between the Manchhars and the Siwaliks, 
tlie u])per Siwaliks being re])re.sented in Sind by the conglomerate, 
less fully developed there than to the northward, at the toji of the 
s(*ries, whilst a large ])roportion of the lower Manchhars is made up of 
the grey sandstone, so well devedoped in the Nahan group. If, there- 
fore, the lower Manchhars of Sind are npjier miocene, so is the Nahan 
grouj) of the Punjab; and it is impossible, ehl er on stratigraidiical or 
])alieontological grounds, lo class the fossiliferous rn'ddle Siwaliks lower 
than ])liocene, the u[)pcr Siwaliks, which contain Bits {Bnfja/m) palmhi^ 
f/icffs, being j)robably upper pliocene. Pricfly stated, the evideiu?e is 
that the Siwalik fauna is newer than the Mauchhar fauna, and found in 
higluM’ beds, and the Manehhar fauna is not older than upjier mi 'cene. 

Survival of miocene forms in Siwalik beds. — If the views 
expr(?ssed in the proceeding paragraphs lx? ndniittcd, it. will be seen 
that we have represcmled in the Siwalik beds a j>li( cone fauna, 
containing an alniormally large miocene eUanent ; and altbough the 
pri‘senc(‘ ol* this older eleme;-t may be partially diu^ to an uiuh lccded 
admixture, by the colhxdors, of fossils from lower l)cds, it is eerlaiii that 
this (‘X])la nation will not. suiFice to account for all the older ty])es of 
Siwalik rnaninials; for the lo(;ality and horizon of several ty|)i(*ally 
middle tertiary furins, suci as un) well known to he middle, 

or even u])pcr Siwalik. An admixture of h]uro]H‘an inioeeiio forms, 
though to a miK'h smaller extent, is found in the older pliocene of North 
America. 'Hicrc iss, howewer, a good reason for hcliiwing that European 
mioccnc forms survived to a later period in India than in Central .Kuro])e, 
because seviu’al genera not known in l)(*ds of later age than the miocene 
of Euro])c arc found living, or arc re]>resented by nearly allied foi*ms, 
in the tropics of Asia and Africa. It has even been sngg(‘stc(l that 
of the two most importanc faunas in the tropics of the Old AVorld, the 
Indo-Malayan (exclusive of that inhabiting the Indian ])eninsula) and 
the Ethioj)ian, the former is allied to the lower or middle miocene, 
the latter to the upper miocene of Europe.’ Thus in tin; miocene 
beds of Central Europe, besides a monkey very like Sf^mr/o/j/l/irrux, there 

* Frims, WiirtttMviberg’scbe mitimv, JalircsliffUx XXVI, 1870, p. 297; v. IVlzflii, 
Afrii'a-liidicii, Verb. Zool. Rot. Goi?. Wien., 1875, p. (»1 ; and I'clx!!* die Malayisebe Siingc- 
tbior-fanna ; Fi'stscbrirt, 2.5 .Tnbr. Zool. Rot. 1876, p. 19; Wallace, Geographical 

Distnbvitum of Auinials, I, pp. Ill to 121. 
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are found two genera of apes, PliojnUiecm and PrijopUliCCiiRy allied 
to the gibbons {IT/jlohates) of Assam, iiiirina, and ihe Malay countries ; 
there is an insoetivore nearly affined to Tapaiu (Indian and Malay), 
and forms of door closely resembling Cerndm (another Indo-Malny 
genus) occur, besides the living genera llrcrra^ R/rinoceros, and Tnjnrm ; 
the two latter, however, being also found in European pliocene beds. 

Pliocene fauna of Pikermi in Attica. — Tlu re is, however, one 
European fossil fauna which is of singular interest from its res(unblanee 
to that oi’ the Siwalik beds. In this colhn lion of extinct mammalia, 
which has been discovered at Pikermi in Attica,^ not only is there a re- 
markable admix (urc of ty|)ically mioceiK forms with other species which 
have a later as])ect, but there is the same remarkable abundance of true 
ruminants as in the Siwahks. In the mioeene strata, although ruminants 
oecnr, they are in goreral bat little, if at all, superior in num])er to the 
oilier ai’l iodaetylc uiigulales : ^-ut in the Pikermi beds there arc 15 
’’ miinants to one [)ig iO .1 )!:e Chidicothennni ; in the Siwalik fauna, :iS 
iu*i. i,nd l)ut l .» <'t]icr artiodaetyle ungulates. Another point of 

feimilavMy u tluj faunas is the abseucjo of small mammals. 

The follow. ug Is a itsi of the genera found in the beds of (xiveee, 
with the nu'nber of species belonging to each genus : — 

PllIMATliS — 

7. 

Carnivuka 

tSlnioriior., 1 ; Mufsfalaf 1 ; Pr/vurp/nfis, 1 ; Teflth'^riunif ; Il^tvna. 1 ; Lpctjccna, 

1; M'ac/tfProitUj 1\ 4. 

rROJlOSCIDJilA — 

Mastodoiif i jymotJieniim 2. 

Unoulata perisrodactyla — 

Rlii}io('evos, Accrotheriiun, 1 ; Leptodon, 7; Tlippariou, 1. 

Ungtlata artfodactyla — 

Sun, 1\ Clia/icof/icrium, 1 ; Premo/herium, 2 ; Aiifdopc, .1 ; Pahrofra/ynn, 7; 
Pahvnryx, 2\ Traffocerus, 2 ; Pida'ovmn, 1 \ Auiidorean, 1 ■ Gazella, 1\ Cant- 
elopanlalis, 1 ; Ilelladulhcrium, 1. 

Roden TT A — 

JTj/ntnu', 1. 

Edentata — 

AnryhdJtarhim, 7. 

Of birds, a Phauanus, a Gall us ^ and a Grns have been identified : of 
reptiles, bones of Testudo and Varanns, Of the aliovo 30 genera of 
mammals, 13, besides Helladoiherium^ wbleb is said to bo scarcely distin- 


‘ Ciandi V : Aitiinaiix fosslli s ft ile l’AUi«|iu*. 
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fruisliahle from the female of Slraf/terinm, are found in the Siwaliks of 
India : besides this^ the fauna hears in many resi)ccis the same similarity to 
that of Africa at the present day as the Siwalik mammals l)ear to th(*ir 
livini^ Indian representatives. Now, this Pikermi fauna is eoiistanlly 
quoted as upper raioccne^aiul its connexion with the rniocone beds in other 
parts of Europe is unmistakable, no less than 15 species bein^ undistin- 
guishable from those found in various miocene deposits. Several of these 
species are doubtfully identified, but amongst the number are sueli 
characteristic forms as Machoirodus enltridcns, Mastodon inrlcensisy and 
Hipparion gracile. But, as M. Gaudry points out in the clearest manner,* 
the ossiferous beds of Pikermi contain at their base, and below the 
liorizon whence the bones have been obtained, a layer with pliocene 
marine fossils, and all ilie beds containing the bones, together with the 
pliocene marine beds, rest unconformably on lacustrine miocene rocks. 
There can be therefore no reasonable doubt that the Pikermi fossils, 
like the Siwaliks, are of pliocene age, and that the quotation of them 
as miocene is an error.® 

Migration. — The points of similarity between the European miocene 
faunas and the animals now inhabiting either tropical Asia or Africa south 
of the Sahara may be due eitlier to migration and survival ^ in a more 
favourable climate, or to the fauna having been formerly more uniform 
over large areas, and to the modified descendants continuing to live in one 
region, whereas they have died out and been replaced by distinct types 
in other parts of their old province. On the latter hypothesis we may 
suppose that the fauna of Cmitral Europe and Malayasia was more or 
less uniform in the lower miocene period, and that Greece and Africa 
formed a single zoological jirovincc in pliocene days; but that the gibbon- 
like a])es, Tnpaiadoi and other Malay types, died out in Central Europe, 
and the giraffes, antelopes, &c., in Greece, whilst the descendants of their 
relatives survived in the Malay countries and Africa respectively. The 
theory of migration presents, on the whole, fewer difficulties, and is rather 

’ Tom. cit., pp. 426-435. 

2 For the theory udoptecl by M. Guudry to account for the siirvivsil of those miocene 
animals in pliocene times, sec ** Animanx fossiles et peoloj^ie do TAttiqno,” p. 431. It appears 
simpler to believe that the miocene fauna of Europe mij^ratod to the southward, and that 
many species survived in Greece after they had died out north of the Alps. Hence the 
admixture of pliocene and miocene types. 

3 It is assumed in the present and in other arf^uments employed in this work 
that simihivily of orp.anisation implies ivlationship of deseent, i. e., that animals havinjj 
similar structure are deseeiidcd from the same ancestors more or less remoUdy. Tlu; 
theories of evolutit)n and of origin of species hy descent with inodificaiion are now 
so widely accepted amemgst naturalists that it is unnecessary to exidain or defend 
them. 
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ill accordance with the little we already know of the Indian mioceiie 
(Manchhar) fauna, in which living tropical forms appear to be less repre- 
sented than they arc in the deposits of that a^e in Europe. It is not 
unreasonable to suppose that some of the forms named, and especially 
the ruminants, migrated into Southern Asia at the close of the mioccne 
]>eriod. 

Effects of change of climate. — It is true that amongst the 
marine invertebrates there is a well-marked resemblance between the 
miocene genera of Europe and living tropical forms. The Indian and 
African land faunas of the early and middle iif^rtiarics arc as yet too 
im})erfectly known for any comparison to be made between them and those 
of the same epoch in extra-tropical regions. It is not improbable that 
there may prove to have been a greater similarity than exists amongst 
the terrestrial forms living at present, and it is also probable that if 
such similarity existed, it will be found to have consisted mainly in the 
greater richness of the extra-tropical fauna in middle tertiary times, and 
in a number of types now extinct or confined to the tropics having been 
represented in both tropical and extra-tropical zones of climate. Tliis 
last probability is founded on the fact that the temperature of Europe 
in the miocene epoch was in all probability nearer to that of the present 
tropics than to the temperate climate of recent times, and that conse- 
quently whole families of animals, and of plants intolerant of cold, 
then ranged to much higher latitudes than they now do. That 
this was the case with plants is shewn by the well-known miocene 
(or eocene?) flora of Greenland, Spitzbergen, and Alaska,^ and by 
the species found in such marvellous abundance in the miocene beds 
in Central Eurojie. 

It is by no means an improbable inference that the representation of 
so many European miocene genera in the Indian Siwaliks is due to 
changes caused by the gradual refrigeration of the earth in later tertiary 
times, and to the migration of the fauna towards the tropics. There is 
good reason for believing that Eurojic and South-Eastern Asia were con- 
nected by laud after the eocene period ; and as it is certain that a great 
portion of the disturbances affecting the Ilimalayan strata arc of plio(;ene 
or post-pliocene date, it is reasonable to conclude that at the close of the 
miocene epoch no such mountain barrier as exists at present separated the 
Indian peninsula from Central Asia. There is independent evidence in 
favour of the view that the elevation of th . Tibetan plateau is of post- 
Siwalik date ; for remains of Rhinoceros i rid other large mammals occur 

* llecT : Flora fossilis AroUoa, Vol. Ill, Pt. 4, &c*. 
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at an elevation of 15,000 feet in Tibet, ^ and it is not probable that these 
animals lived in so elevated a reg‘ion.2 

Comparative poverty of recent mammalian faunas. — But 
the immigration of the European mioeene forms may not be the only 
way in which the Siwalik fauna was affected by the secular refrigera- 
tion of the earth^s surface, culminating in the glacial epoch. It is true 
that there is a considerable amount of similarity between the Siwalik 
fauna and that of India at the ])resent day ; but, nevertheless, there is a 
very striking distinction — a distinction due less to change and re- 
placement than to disappearance. Even after making allowance for 
the fact that the whole assemblage may not have existed contem- 
poraneouslj^ there is nothing so striking in the fauna of the Siwalik 
epoch as the wonderful wealth and variety of foi*ms. It must be 
recollected that we know little or nothing of the smaller mammals, 
and that animals of size inferior to a pig or a shec]) are scarcely 
represented. It would 1)C premature to infer that, as at the j)resent 
day, the more minute forms exceeded the larger types in abund- 
ance ; for the conditions of intermediate ages may have affected ihe more 
bulky animals far more than the minute Kodeniia, Tuseciitroray Chiropfera, 
&c. Still it is only reasonable to suppose that the ancestors of Ibe present. 
Mivro^rwmiualta lived in tlie same profusion as they do now ; and it is 
iiu'i’edible that the living rodents and insectivores can })lay the parts on 
the modern stage and fulfil the functions of tlic grc'at ungulates and 
carnivores of past times. Conq^aring like with like, and es]>eeially pass- 
ing ill review the Carnivora , Vroboscidea, and Vagalalay all rc^p resented, 
and all, exeejit the Probosculaa, well represented in the livbig fauna of 
India, indeed hotter than in most other parts of the woi-lj at the 
present day, it. is im]>ossiblc iiottolie struck with the corn |)arative jKivcn-ty 
in variety of the existing mammalian tyiies. We have of course but au 

^ Tlirn* is, on iho otiior IuiikI, a that the elevation of the frmit ])lat.ean of 

Central Asia dates from a period prior to tlie glacial epoch, or at least anteeedent to the 
close of the cold i)eriod, hceause, in the first ])laee, there are nninerons sif^ns of ice haviii" 
formerlv oeeni)i(‘d a niiieh j^reater arira than it docs at pres(?nt ; and secondly, there is a very 
r(*niarkaT)le chan;^^* in several species of mi juratory birds between the forms found in 
Western India (many of wlii<-h are eommoii to Enroix*) and tla)se found in Eastern India 
and Ihirma, many of whicli are jHamliar to Ejistern Asia. The two pfronps meet in India; 
and althonjrh strufTfflers are found to the cast and west of the limit, they arc not common. 
The contrast is easily exjdained if tlie breedinp: ])laces of the representative races laive been 
se])arated for uj?es through the elevated regions of Central Asia being so covered by snow 
and ice as to l>e unfilled for birds, and especially for insectivorous birds, to breed in. Amongst 
examples of tlie represtmtative races, Motacilla alba (v. tiukhuneusis) and Kryl hrosterua iiarva 
of NN estern India, rt^i»laced by il/. hizuniensis and J£. albicilla to the eastward, may be quoted, 

" Falconer, Pal. Mem., I., p. 173. 
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imperfect knowledge even of the larger Siwalik animals, andi remains of 
Carnivora are rare, so much so that probably many species remain und.is- 
covered; but even at present the known Siwalik carnivores are more 
numerous than the living forms of similar size in the same area, and the 
ungulates exceeded their living representatives in number in the propoi-tion 
of more than 5 to 2, there being 50 known Siwalik species and only 18 
recent. The superior wealth of the older fauna is both generic and spe- 
cific; not only arc the types more varied, but there is a greater variety 
of forms in many of the genera ; thus fi species of Uhlnoceros existed 
where now there is only 1, or, including Eastern India and Burma, only 
3 ; and no less than 11 extinct elephants and mastodons are represenied 
by a solitary living form. Even such modern types as Bos have dwindled 
in numbers from 6 to 2. 

This great impoverishment of the recent mammalian fauna is '-.ot 
peculiar t.c India. It is found in other parts of the Old World and in 
America., wherever remains of animals have hcov ])reserved in sufficient 
cjiiant ities amongst the deposits of the later tertiary epochs for a good 
idea of the fauna to bc^ presented. In the words of Mr. Wallace, we 
live in a zoologically impoverished world, from which .all the largcjst and 
fiercest and .strangest forms have recently disappe.ared ; and he makes 
the hai)})y suggestion,^ that this enormous reduction in th^ numbers of 
the gr(‘ator mammals is due to the glacial epoch. Tlius for a second time 
we find the action of this great physical cluinge refleeted in the Siwalik 
fauna ; .‘ind wo have an addition to the arguments urged in the sixteenth 
cha])ter ' in favo.o of India luaving been affected hy the cold ])eriod 
which immediately 2 )re(*eded the present day. 

The post-pliocene Narbada fauna is very poor compared with tlie 
Siwalik. It is true tbat the former conij)rises two sf)ecies of elephants and 
two of hippopotamus; hut only two hovines h.ave heem detected, one deer, 
and one anteloj)e. This difference may be j)artly due to imperfect know- 
](Hlge, to the much smaller range, both in area, and in time as rejn-eseuted 
by thickness, in the case of the Narbada lieds ; but none of these circum- 
stances can possibly account for the whole distinetioii ; for large collections 
of Narbada hones have been made, and more ruminants would surely have 
been detected, had many existed. It is ju'ohablethat the Narbada fauna 
is posterior in date to the main o])eration of tbc agency, whatever it may 
have been, that caused so many of tlie Siwalik mammals to die out. 
The farther diminution in the numbers of Frohoscidea^ and the complete 
disai) 2 )carance of the genera UippoiJtlainus and Rhinoceros from Central 

* CJeof^rapliical Dii^tribiilioii of Aniiiuils, I, ]>. 150, 

" Anto^ j). 572. 
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India, may perhaps have been partly due to the ag'eney of man, who, if 
the evidence of the chipped quartzite implement alrea<ly mentioned ^ can 
be trusted, must have been a contemporary of the Narbada fauna. 

Relations of Siwalikto Perim Island fauna. — Before quittiu]^ 
the subject of the relations l>ctwGen the Siwalik and other fossil faunas, 
two other Indian deposits containing" mammalian remains require notice, 
besides the miocene beds of Sind and the Punjab, and the post-plioecnc 
formations of the Ganges valley and the Indian peninsula. These two^ 
deposits are those of Perirn Island in the Gulf of ('ambay, the known 
species from whi(*h localiiy liave already been (juoted ^ and are marked 
P in the prec(‘ding list of tertiary fossil vertebrates, and those of the 
Irawadi valley in Ui)per Burma marked I. 

The known mammals from J^rini Island com2)rise ten species, of 
which four, viz., Madoihm lafideHS, M. prriwniHis, Accrot/ierium peri^ 
meriHe^ and Itj/sudricufi, arc common to the Siwalik ]>eds. All these 
forms are, however, found in other fossil faunas ; Mmlidlon penwerhnR and 
aSw.v hpmdncHH being met with also in the lower Manchhar beds of Sind, 
Acendhorimu perrmense in the Irawadi deposits, and Madodon hifidens 
in both, so that all the forms common to Perim Island and the Siwaliks 
are clearly species of wide range. The absence of Elephas and its 
sub-genera, and of l)ovincs, and the presence of JJrHvt/tcr'unn, tend 
strongly to make the Perim Island fauna appear of greater age than 
the Siwalik gcn(?rally ; but, on the other hand, the presence of so 
highly special is(id a genus as Capra , if the generic determination be 
iiccepted,'* the o(*currence of CamelojiardaJis and AufUopa, and, above 
all, the absence, so far as is known, of any of the Anihracothar'tdye and 
other older ungulate types so abundant in the raiocenc beds of Sind 
and the Punjab, are oj)p()sed to the idea that the Perim Island rocks 
can be of higher antiquity than pliocene. They possibly 0(^cupy an 
intermediate posit ion bet ween the Siwaliks ])ropcr and the Alauchliars 
of Sind, but- they are more nearly allied to the former. 

Comparison with Irawadi fauna. — It wdll be necessary to revert 
to the mammalian remains found in the Irawadi valley when describing 
the rocks of Burma. All that, it is now iic(!essary to point out is that, 
although the proportion of species identified with Siwalik forms is 
rather less than in the case of Perim Island, only four species, viz., Sfego- 
don cn/Hij Masfodon hdldens, Arc rot her nun periniense, and Mer copot anms 

' p. 386, 

- Anlt^ p. 343. 

^ II should not bo forpoltoTi tluit Capra peritnensis is foiindod sololy on a froiitlot 
with the bom -eases, and tbut notbinj; is known of tbc* fjroator jmvt of the cranium, the 
teeth, or the limb bones. See Lydekker, Tal. lud., Scr. X, 3, p. 83-170, PI. xxviii, 4. 
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(lissiwilifi, out of thirteen, being* known to be common to the Siwaliks 
and the Ira wadi beds, the general facies of the two faunas is very similar, 
lioth contain a consideralde proportion of living genera unknown in 
the middle tertiaries of Europe, together with some older forms, such 
as Acerotherinm and MenjcopoUimm. The Irawadi fauna perhaps may 
be equivalent to upj)cr Siwalik. 

The Tibetan mammalian fauna ' already noticed is too imperfect for 
comparison. 

Comparison of Siwalik and recent faunas.— Lastly, a few words 
may be added as to the points of connexion between the Siwalik fauna 
and that now found in 1 ndia, Malayasia, and Africa. The most remarkable 
distinction between the mammalian life of tertiary times and tliat of the 
present day, the comparative wealth of the former and poverty of the 
latter, has already l)oeii noticed ; but it is matter of some interest to trace 
how far the Siwalik types are represented by animals now inhabiting India, 
and how many of the tertiary genera, though still living on the earth ^s 
surface, arc no longer found in the regions formerly inhabited l)y their 
Siwalik allies. As the fauna of India varies in dift'erent parts, it will l)e 
best to 1.ake for (^om])arison with the Siwalik mammals all forms now 
existing in the Indo-Clangetic plain, from the Indus to the parallel of 
Calcutta, together with those inhabiting the lower slopes of the Himalayas 
uj) to 4,000 or 5,000 feet. This area comprises portions of tJiree distinct 
zoological sub-provinces, the animals inhabiting the Indo-Gangetic j)lain 
to the westward exhibiting some distinctions of importancje from tliose 
occurring to the eastward, and the lower slopes of the Himalayas having 
a very difCerent fauna, distinguished by the presence of numerous 
Malay types. In this comparison, again, tlie minor generic or sub-g(meric 
grou])s of many modern nat-uralists are not enumerated ; liacerrufi, Rum, 
and for instance, being considered merely forms of Cervna, and Ribos, 
Buhalm, &e., of Bos, The following is a list of the Siwalik genera 
represented by species living in Northern India,* the number of such 
sj)ecies being added : — 

Primates — 

t^ammquthccus, 2\ Mumrus^ 1 (or 2). 

Carnivora — 

Felis, 8 ' '*; Ilyana,l\ Cams, (including Vul 2 i€s),d \ Ursus, 1 \ MelUmm, 
Lutra, 2 (or 3). 

' Falconer, Pal. Tnd., I, p. 173; Strnclicy, Q. J. G. S., 1851, p. 292, 

2 The living gciicr.-i arc tiikcii irliicib' from Jerdon’s Muiumals of India, a few iiltcralions 
and additioiiK lu'ing ni.'idc. 

^ Five of these are of small size. 
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Pboboscidea — 

Mlcphas, 1. 

Ungulata pekissodactyea — 

Ehinoce/'os, 2 (both only found to the eastward, and the second species barely within 
the area) ; Eqiius, 1 (also barely within the area, but to the westward). 

Ungulata aetiodacttea — 

(including PorcuUd), 2 (or 3) ; Certms, 4; Antilope (ineludin" Gazella), 5; 
BoSf 2 ; Ovis, 1 (in the Punjab only). Capra is not found living in the area 
named, but 3 species exist on the higher Himalayas, and two on the hill 
ranges to the west of the Punjab- 
Rodentia — 

Mus, many species ; Eltizomij/t, 1 (only found to eastward) ; TTystrix, 2 (or 3). 

The genera of Unynlala now found in Northern India and not re- 
presented, so far as is known, in the Siwalik fauna are only four : CervulnSy 
EorUfx, Tefraecniiiy and Nemorhedus, Some twidve genera of living Indian 
and Jliinalayan Cani/rora luive not heen found In the Siwalik roeks, but all 
are of com] )a rati vely small size; Tlccrra, AndkliHj Cnon, and Paradoxurus 
being the largest. 

The Siwalik genera not now living in Northern India, but still 
existing elsewhere, are J/c^^v and CamrhiH^ now confined in the wild state 
to the ])ahearctie region, and Jlippopolaorm and Cmuclopardaik, both 
surviving in Africa. All the other living forms already enumerated 
are common to India and Afi'ica south of the Sahara, ex(*ei)t- Senino^ 
pi/fnxns, Alaeacns, Urx/ffi, Cernts, Or} ft, and l\li}.:(mii/ft, whilst Ilyrrna, 
Cants, MelUrora, Equus, Auitlopr, and Oris are unknown in the Malay 
regions. The gemera common to the Siwalik fauna and Malayasia, but 
not found in Africa, are SemnojtUhems, Macaens, Ursns, Cvrrns, and 
JUikowtjs. The first two and the last of these are, however, represented 
})y allied forms in Africa., whilst no such near Malayan representa- 
tives of any of the Siwalik- African forms, except Canis (replaced 
by Cunn), can be mentioned. It may be added that of the twelve genera 
of living Indian Caniirora unrepreseut(*d in the Siwaliks, the majority 
are Malayan forms iuhaluting the Himalayas. It is clear that the 
Siwalik fauna resembles that now inha})iting Southern Africa more than 
it does the assemblage of living AlamutaUa now found in Malayasia, 
and it is j)robal)le that this rosemldance is due to both the idiocene 
Siwaliks and the recent Ethiopian faunas, together with a very large 
proportion of the animals now inhabiting the ])lains of India, being 
di'scendcd partly or wholly from the same ancestors, and perhaps from 
their ancestors having originally migrated southward from the miocene 
lands of Central Europe and Asia. AVe know nothing of the inioctme 
mammals of Southern Africa, but such information as we possess of the 
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upper mioccne fauna of Northera India renders it probable that most of 
the Siwalik mammals emigrated about the close of the miocene epoch, 
and a portion of the descendants of the Siwalik immigrants may have 
inhabited the country ever since. Many forms have, however, died out, 
and it is probable that in comparatively recent times some of these 
extinct forms have been replaced by Malayan types, either introduced 
from the eastward, or spreading northward from the singularly isolated 
Malayan faunas now inhabiting ihe Malabar coast and the Southern 
Indian hills. Many, however, of the forms which at first sight appear 
to have distinctly Malayan affinities, such as Ct^rnis [Rucerrus) duvauvclU 
and Bos fjaunis, despite fhoir close alliance with living Malay forms, 
and the want of related species in Africa, are probaldy descended from 
Siwalik ancestors, and are not Malayan immigrants. Again, in a few 
cases, as in that of the Indian gazelle, some of the species which, judging 
by their range and their close connexion with forms iiihahitiiig othiu- 
countries, are amongst the most recent additions to the Indian fauna, 
come from the west and not from the eastward. 
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CHAPTER XXV. 

EXTUA-PKN INSULAR AREA. 

LOWER HIMALAYAS. 

Limits — (iiMicral fi'aturos — The terminal area — Chissifieation of roehs — Correlation 
of j^-oups — Tli(‘ prneissie series — TIi(} slatt‘ series — 'I’lie Simla slates — 'Phe Hlaiiii 
j'roup — The liifrn-Krol — The Krol ^ronji — The rt'lation of the shiti' and g'neissic 
series. Sj)eei:il metainorphism and distiirhaiiee — Tnippean rocks — 'J'he Chor mountain 
— Sonth-e:ist of Simla. Kiimami and (iharwal. N(‘])al. 'J’he Sikkim area — Dar- 
jilinjjr j^pneiss — The Dnling series — The Damuda series — lltrhitions ol' the three 
series — The Hhutan border: Haxa series — The Dikran^»‘ section. Sumaiaky, 

Limits, — The name ‘^Lov^or Himalaya” does not spontaneously sno-g-ost 
tlie area to whicli it. is here restricted. This is not a mountain- zone of 
medium elevation, eontinucais between tlie Sub-Himalayas and the Central 
or Tibetan region ; for, as already stated (p. 557), we find the tertiary 
rocks in the Rangi’a district within a mile of a lofty ridge of central 
gneiss,” on the i)rolongation of the main Himalayan axis, and structurally 
Ijclonging to the Tibetan r(;g‘ion. Still, to any one who knows the ground, 
the eliaraeter Lower” would suggest the area in question; for the 
ridg(^s of the Dhauhidhar and Pir Fanjal, belonging to the Central 
lliuialayas, and overhanging the Sub-Hinialayan zojio in the north-west, 
arc luucli more lofty, rugged, and persistent than the mountains of the 
Lower Himalayas, occupying the broad area, some 50 miles wide, 
between the great snowy range and the plains. 

To the (Mist this feature continues beyond the range of exploration, in 
the mountains north of Assam : on the west it ends, or begins, abruptly 
very lUMirly on meridian 77° E., a short distance west of Simla. Both 
the Bias and the Sutlej flow from cast to west across this terminal bound- 
ary of the Lower Himalayan region, while the Tons and the Jumna arc 
the lir.st rivers having a southerly course in this ground. The mention 
of these rivers shews that the meridional watershed of India occurs here ; 
but this is a fact of no signiflcance ; for it is possible that almost 
within historical times the Jumna may have flowed westward, instead of 
to the Ganges.* Simla stands on the Sutlej- Jumna watershed, and, as 


* Sec page 417. 
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a well-known place, its name has been given (p. 529) to this terminal 
region of the Lower Himalayas. If a politico-geographical name were 
required for the Lower Himalayan region, the kingdom of Nej)al would 
furnish the most suitable, as it occupies the whole middle area for a 
length of 500 miles; and the Gurkhas of Nepdl formerly held sway to 
beyond the Sutlej. 

General features. — The character chosen to designate this region of 
the mountains is a superficial one ; yet it is an index of important 
structural ])C(*uliarities : the low general average of elevation is due to 
the irregularity of the disturbance that has affected the rocks, without 
j)roduciiig any dominant lines of dislocation or of upheaval ; being thus 
in marked contrast with two other divisions of the mountains, where 
steady outcrops arc determined by continuous parallel axes of tlexure and 
of dislocation. There is, no doubt, a very decided prevalence of a strike 
])ariillel to the general mountain-axis, and the dominant dip of the 
strata is towards that axis ; but local interruptions are so frequent, that 
the general result, as brought out by the drainage courses, is more like 
that from the denudation of a homogeneous mass. It has been suggested ^ 
that the present rivers cross t^isarea on lines of fracture; but observation 
lends no support to the opinion : the drainage channels, great and 
small, are as devious as they could be worn through a promiscuous 
mass of broken materials. A possible cause for this condition will bo 
suggested. 

The boundaries of the Lower Himalayas are, however, well defined. 
On the north, so far as known from the west end, there is the great 
gneissic axis, with constant granitic intrusion, forming the main snowy 
range. On the Sub-Himahvyan border, along the ^^main boundary'^ of 
the tertiary zone, there is also, from the west up to Nepal, some aj)j)roach 
to constancy in the older rocks. They arc intensely contorted, but with 
more steadiness of direction than in the interior of the area ; although 
still there are numerous breaches of regularity, as at the sharp bends 
ot* the main boundary east of Dehra, and again just east of the Ganges, 
l)oth of which coincide with twists in the strike of the slates. This 
circumstance (the local strike of the strata at these points) is ])erhaps an 
additional argument in favour of this boundary being primarily a 
feature of denudation, or at least against its being a great master-disloca- 
tion (p. 510). 

Regarding the distribution and structure of the rocks in the Lower 
Himalayas, our information is still more scanty than in the case of the 
Sub-IIimalayas, and our description must be correspondingly bare. For a 

N 1 


Q. J. G. fc?., VII, p. 309. 
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length of 500 miles in Ne])al, we have only notes upon one short seetioii 
in the middle ; and to the east of this, throughout the whole range, only 
one narrow area has been examined,. in Sikkim. It is in the north-western 
j)ortioii that most ol)servations have been made, and it is there that the 
rocks are in the most favourable condition for study, as exhibiting least 
metamorphism. This is apparently due to the position being a sub- 
terminal one in the mountain area. However this may be, we find Iutc 
a continuous broad belt of unaltered limestones and shaly slates at th(i 
edge of the mountains ; and at many points they extend far into the 
interior. This border contracts gradually to the eastwards, Ixdng com- 
paratively narrow, though stjll well marked, at Naini Tal ; but on the Kath- 
mandu section it has disappeared, and in Sikkim gneissie rocks come 
very close to the southern or main boundary. The relation of these 
unaltered rocks t o the gneissie series is the chief puzzle of the Lower 
Himalayas. The boundary of the two is as irregular as it can be, and 
quite unlike any feature descril)ed in other Himalayan regions. 

As in the case of the Sub- Himalayas, and for analogous reasons, we 
must describe the Lowcu’ Himalayas in sections of areas, commencing 
at the west end, with the terminal area rfready denoted as the Simla 
region.^ 

The terminal area. — Tt is important to not e at starting that tlie 
teiMiiinalion of. the Lower Himalayas, in al)Oiit IT of east longitude, is 
strictly a feature of the general mountain-structure, the boundary there 
l)eing more or less homologous with that elsewhere. The several rock-series 
of the area do not continue with their general north-westerly strike up 
to the terminal boundary, nor end there along a transversely denuded 
outcrop, against the tertiary formations. Here, as elsewhere, the strike of 
the old rocks conforms to the main houndary, even when almost at right 
angles to the axis of the range; and the same external band of unaltered 
paheozoie rocks intervenes eontiniiously between the gneiss of the interior 
and the fringing tertiary formations. This (•ondition holds good for the 
whole "Western Himalayas, the strata forming throughout an independent 
system of disturbance : at no point along the mountain border on this 
side do the gneissie rocks touch tlie Sub-Hirnalayan zone, so they can 
never (in, or since, silurian times) have been continuous with the crystalline 
rocks of jXMiinsular India. This fact would be almost a corollary 
from the statement already given (p. 5(>1)) , that the contortion of the 
slates is of post-nummulitic date ; it may now be quoted as a confirma- 
tion of that statement. 

* For some jiarticiihirs of thifj gi’ouiid, see Mem. O. S. 1., Ill, Tt. 2, 1801,* aiul Kec. 
(1. 1., X, 202, 1877. 
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Classification of rocks. — The following pctro^raphical groups are 
distinguishable in the Simla Himalayas. It is convenient to consider 
them as two series, although they may be in part equivalent ; the relation 
between tlie two being the great puzzle oi* the f^eology of ttiis region, 
and the i^hief contrast between it and the Central Himalayas. 


A — Outer, newer, or slu-te serios — 

Krol : limustoTies, sandstones and shales . 
Infra-Krol : shalos (of ton carbonaceous) and flaj^s 
niaiui ^ : liincstono, sandstone and congloinerate 
iiilra-niaiiii (^iiiila .slates) : slates and da^s 
Hiise not known. 

li — Inner, older, or gneissic series — 

Gneissose schists ...... 

Massive gneiss ...... 

Si;histose gneiss 


800—1,200 
1,000 -3,000 
100 

over .5,000 


6,000 

100—600 


Correlation of groups.— The absence of fossils is one oL’ the most 
puzzling fiKjts eonnectiHl with the geology of this aiea, and the same 
remark applies to these formations throughout their extension on the 
southern face of ilie ninialaya.s, eastwards to Nopal and westwards to 
the Jhelum. All the rocks of series A are such as might Ix^ expected to 
contain organic remains ; they are fully exposed to view at .^ovne imudi 
frequented localities, as in the hill stations of Maiisuri (Massooree) and 
Naiiii ThI, and on the road to Simla, — at all oF whi('h many skilled 
observers have searched oarefully for fossils, but in vain. Only one 
antlieritic (.'ase of organic remains from these rocks is on r(?cord : some 
iudetermiriahle casts of bivalve rnollusks from a band of lini(.*stone in the 
Tal, or IJheng, river, at the end of the Dehra Dun, (‘ast of the (hinges. 

In the absence of fossils, an attempt at ideiitili cation can only hi* 
made through comparison with sections of known rocks, or liy continuous 
connexion with known sections. On the former grounds, thc^ following 
conjeetural aiiiliatioii was made by Dr. Stoliezka, thi’ougli a comparison 
with the rocks described by him in Spiti, beyond tlie suinvy range due 
north of Simla. 


Simla. 

Kn'd linicstoiic. 
hifra-Kr61. 

Quartzites and mica- 
schists at Simla. 

Blaini. 

Infra- Blaini (Simla slates). 


Lilaiig series. 


Killing. 

Math. 

Kjipcr Bhubcli. 


Knntpt*. 
Tipper trias. 
Linv*‘r trias. 

C:iv!iOuifernufi, 
Fj>piT siluvian. 
Lower siliiriaii. 


* Formerly spelt “ Blini the first vowel sound is full, us in blind, so the correct spell- 
iiig is “ Blaini.” 

- Mem. G. S. L, HI, Pt. 2, p. 61). 

» Mem. G, S. L, V, p. 111. 
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On the same pag-c (L c.) Dr. Stoliezka mentions a. prior rceogfnition 
of the infra-Krol beds as lower trias, from their being; miiicralog’ieally so 
very similar to the Bunter Sandstein of Europe ; and no I'emark is so fre- 
quently repeated in Stoliczka^s later Himalayan notes as the resemblance 
of the semi-oolitic triasslc limestone to the Krol rock. An apparent 
confirmation of the age assigned by Dr. Stoliezka to the Kr61 group was 
published about the same time' in Professor Giimbcl^s description of a 
specimen, from the Schlagintwcit collection, said to have been obtained 
at Dharampnr near Solan in the Simla district, containing three fossils, 
I/imt lijuiafa imd Nafica //aillardoti, fom^^ also in the Muschelkalk in 
Europe, and a new species, Naf. simlaensifi {Giimb). In view of all the 
circumstances, - however, it seems safest to doubt the authenticity of this 
specimen. The well-known locality Dharampnr, in the neighbourhood 
imlicjited, is certainly on nummulitic rocks, and there (?an be but little 
doubt that 1h(‘ spc'cimen in question came from some totally difierent 
ground, possildy from Tibet. 

Tlu‘ nudhod of (H)nueet(*d observations has suggested a diffeicnt 
correlat ion of the upper members of tlu) Simla series. These rocks, as 
has been said, are continuous, although locally much eontraided and ol>- 
seured, along the Tlimalayan border up to the Pir Panjal, and tlu? lime- 
stone tiau'c omirring, like that of the Simla region, at the top of the 
slate s(‘ries, lias heen satisfaetindly identified by Mr. Lydekker " with the 
earhonilerovis limestone of Kashmir (the Kuling limestone of Ti]>e1), 
and quite distinct from i he Iriassie limestone, whieli also oeenrs in the 
valley, lie also thinks tliatthe infra-Krol is carboniferous, leaving the 
Blaiiii group and tlu; Siiiila slates to rej)resent the Muth and Bh;iheh 
rocks of Tilxd, as siluriaii. In the Pir Panjal and Kashmir, as in tlie 
Lower Himalayas, these lower rocks have as yet proved unfossiliferous ; 
hut. there eau searedy he a doubt of their reprosentiug the infra-earhon- 
iferons slal(*s of Tibet in which siluriau fossils ha ve been found. 

The gneissic series. — Tlie gneissie and seldstose rocks, even in the 
Simla region, oceuj>y the largest portion of the Lower Himalayan area 
soutli of t he givat snowy range. That range, westwards from Nej)al, lias 
hetai desej’ihed by did (*re]i t ob.servers as formed of, or su])ported by, gneiss, 
With extensive intrusion of granite. In describing this gneiss l>elw(‘en 
the Sutlej at Waiigtu and tlie Bbabeh pass, north-cast of Simla, Dr. 

’ Slly.ini:>:sl.or.l);iir. Alaid. d. Wiks., 1805, 11, p. 354. 

‘ Sti s- riouB rrrovs liave ln'cii fouiiil to oxist in tlio locaHiios Msslii’ix'd hy <Im‘ 
ScthieiiitwcK to Hk-Iv and otlier colk'elious, that no dfja'ndrma* t-aii ho 

]>Iai*t‘d ajion any siwcimen colii-idod l);y' tlitw, 

Kfc. (i. S. 1., \], j,. 03, 187W. 
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Stoliczka distinguished it as the central gneiss/^ asserting that, geologi- 
cally- speaking, it had nothing to do with the gneiss of the Lower Hima- 
layas to the south of it.^ It is presumable that there was some better 
ground for this opinion than the presence of an eruj)tive rock in the gneiss 
along this mountain axis ; but however tins may l)e, it has been shewn 
beyond reasonable doubt by Colonel McMahon^ that the crystalline series 
forming the peaks south of Wangtu, of which the Simla walershed is an 
offshoot, is the same as that of the main range.*^ The massive granitoid 
gneiss which, although subordinate, is the most conspicuous member of 
the series, and thus was uiifortuiiallely made its rej)resentativc meniber, 
passes into the north base of these southern peaks above Sangla on the 
Laspa (which joins the Sutlej south of Chiui), at a.n elevation of about 
10,000 feet; and it emerges on the south base at Lorot (20 miles due 
south-west from Sangla) at the head of the Pabar valley, at an elevation 
of about 8,500. In the intervening mountains of Bisaliir, crossed by the 
Boieiulo and Rupin passes, the stratification lies flatly, and there must be 
some 0,000 feet of the gneissose schists overlying the inoi(j granitoid 
rock. Although no granite has been observed here, tlu^se aie no dou])t 
tlu‘ same as the schistose gneiss, having a high northerly dip, deseril)ed l)y 
Dr. Stoliezka in the Bhabeh section (/. e., p. 11) and distinctly included by 
him in his ecmtral gneiss.^^ The opinion that this gneiss was restricted 
to th(i main mountain axis was, no dould, a y)rincipal reason for the 
name giv<‘ii to it, which is certainly not altogether appro] )riate to tliereal 
state of the case. ’>'nver gneiss would have been a better designation 
for it, as it is ])robably the oldtJst rock in the whole Ilinjalayas. In the 
Tibetan region we shall find gneiss that is probably an altered Silurian 
roi'k ; whereas the junction of the liower Himalayan gneiss with the 
silui-ian slates on the north side of the main range is re|)resented as 
abriijit, if not iineonformable ; although the granite is said to penetrate 
even n]) to the ovia’lying secondary rocks.^ 

This d<?t(*rmiiiatiou of the Lower Himalayan gneiss in the Simla 
region to be the same as that of the main range, is a ]ioint of gi*eat 
importanee ; as it at onee disposes of the conjeetures that had be(*u 
hazarded, as to its being possibly of later age than the Ivrdl rocks; ami 
it is only fair to suggest that those conjectures may have influenced 


1 Mt'in. G. S I., V, ]). 15. 

- Wi c. G. S. 1., X, ])p. 210—221. 

» It slioiiUl l)c tluit Dr. Stolic/.lv;! uitl nol siirvry tlio Sinilji rr^^ion, 

and tliJil bis rxsnuinalion of tlu' ijiiciss in this part of the lliinalayas ran only have been of 
the most eursory deseription. 

^ 1. r.. p. 12. 
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Dr. Stoliczka’s decision upon the distinctness o£ the two gneisses. Suppos- 
ing tlie lUiissivo hand of granitoid gneiss to have an approximately fixed 
j>ositioii in the scries, as is implied for this area by the foregoing observ- 
ations, it will he of great service in tracing the position of the gneissic 
scries and its relation to the slate series. On the secondary ridge, and 
principal watershed, running west-south-west from the Bisahir peaks to 
Simla, this gneiss forms the crest at Hatu (10,469) ; and it is Very pro- 
minent below the crest in the southern branch, forming the Shankan 
ridge, from which it passes eastwards into the valley of the Pahar. A 
low east-north -easterly dip is the gentral lie of the gneiss in this jmsition. 
Hatu would seem to be on the crest of an aniicliiial, and 8 miles to the 
north, in the Siillc j (;3,000) , the same gneiss, or what we are supposing to 
he ihc same, forms the hanks of the river from Kamarsen bridge, nearly 
to Bampur, the capital of the Bisahir State. North of the Sutlej, in the 
Julori ridge, running from the snowy peaks of Knlu west-son th-west- 
wardsto theCheru summit (10,1 34), within miles of the tertiary zone, 
a massive granitoid gneiss again occurs, with a prevailing low easterly 
dip. 

All these gneissic rocks of the interior are continuous with the crys- 
talline mass of the main chain ; and the principal feature to notice about 
iliein is their small disturbance as compared with tl»eir state in that 
chain, or with the (condition of the newer rocks forming the outer zone 
of the Lower Himalayas. But there is one mass of granitoid gneiss 
differently circumstanced in the Simla area, forming the Chor mountain 
(1 1 982 feet high), 25 miles south-east of Simla, and 20 miles from the 
main boundary at Nahan. Lithologically, the rock forming the Chor 
is the same as the massive gneiss of iratu and elsewhere, but in the first- 
named moiinlaiii it is quite surrounded by the rocks of the upper series. 
It will be described further on. 

Th© slSit© ssries.— Although true slaty cleavage, distinct from 
lamination and jointing, is of rare occurrence in the Lower Himalayas, ‘ 
the prevailing type of rock in the newer series, indicated on p. 595, is that 
best described as slaty,* and it will be convenient to speak of these rocks 
collectively as the slate series, as distinguished from the lower metamor- 
phie series. Locally, the texture is below this standard of induration, 
iiiul the rock is rather slialy than slaty, as in the Infra-Krdl shales at the 
base of the Krol mountain. Locally also, and more frequently, crystalline 
foliation is well developed, where the rock is rather schistose than slaty, 
as in those same Infra- Krol shales on Jako at Simla. 


> Mnn. (L S. I., ITT, Pt. 2, p. 72. 
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The normal order of tliis series is nowhere so surely displayed^ with 
so little disturbance and alteration of the strata, as in the Simla region, 
just inside the Sirrnur rocks of the standard area, on the main road to 
Simla. From the Solan rest-house the Krol mountain (7,406) on the 
north, the Bdj on the west, and Kanoj on the south-east, are within easy 
walking distance. They are formed, above the road level, of massive 
limestond, more or less isolated upon a base of earthy slates, thus leaving 
no doubt that the limestone is the latest of the series. The Blaini stream 
rises just west of Solan ; and in its channel the small, but highly distinct- 
ive, group that bears its name is repeatedly exposed, sometimes in con- 
tact with the nummulitie clays. Considering its persistent small dimen- 
sions, this Blaini group has a remarkably wide distribution, having been 
traced in typical form as far as the Krdl limestone its(4f ; and thus a 
much-needed horizon can be recognised in an immense thickness of rocks 
that could scarcely otherwise be separated, and a clue is furnished whereby 
to unravel and delineate the very complicated disturbance to which 
these outer rocks have been subj(x*ted. 

So far as can be, or at least has been, made out in the outer zone of 
the mountains, there is (H)nformity between the several groups of (he 
upper scjrics ; but in discussing the relations of the two series, faits will 
be obs(jrved involving the overlap of the upper groups at or about the 
Blaini horizon. 

The Infra Blaini rocks (Simla slates). — In the neighbourhood of 
Solan, where the three upper groups of the slate series are typically seen, 
the Blaini rocks occur in the lowest ground, so the underlying formations 
arc not exposed. These may be well seen near Simla, below the Blaini 
outcrop on the east in the valley of the Ussan, {ind on the north towards 
(he Sutlej. They consist of finely laminated slaty shales and thin sandy 
flagstones, with occasional beds of earthy sandstones. The lamination 
is someiimes fine enough and the induration suflicient to prodiu'c service- 
able roofing slate, but much inferior to true cleavage slates. From the 
Blaini rocks .at the Lakri Bazaar there is an apparently unhrokon sueccs- 
sion of the Simla slates to Naldera (the ridge above Bassantiuir), where 
the limestone of the Sutlej valley begins; the dip is steady, and tberc is 
no trace of a flexure ; 5,000 feet is a low estimate of the tliickness of such 
a section. The limestone just mentioned is supposed to be the Krol lime- 
stone, brought down by faulting ; and, as ia eveiy other known section, the 
actual substratum of the Simla slates has not been observed in this region. 

The Blaini group. — This group consisis of (,wo very distinct mem- 
bers, each of wliicli seldom exceeds 50 feet in thickness, and is gene- 
rally much less. The upper rock is a fine, compact or micro-crystalline 
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magnesian limestonc^^ of pale-grey and pink tints, thin bedded, but often 
amalgamated into a single mass. It rests upon a quartzite sandstone, 
often a clear quartzose rock, but sometimes rusty and more or less earthy. 
In whole or in part this lower band is very often highly conglomeratic, 
with well-rounded pebbles and small boulders of white quart z and vari- 
ously-tinted quartzites, and sometimes partially-rounded debris of slato 
rocks. Pebbles of crystalline rocks have not been observed in ft in this 
region. Although often crushed together, mixed and inverted, these two 
rocks seem never to have been interstrati tied originally; and it is possible, 
notwithstanding their so constant association, that they were considerably 
sef)aratcd in age. The persistent occurrence of two thin bands of such 
different tyi)es of rocks over so large an area is a remarkable circumstance, 
but a most fortunate one for the geologist who undertakes the study of 
this difficult ground. 

Infra-Krol group. — This is a provisional form of nomenclature, and 
it is not improbable that lower Krol greup would be more a])])roiniate; 
but until the connexion can be based upon pala‘ontological facts or inoic 
extended observation of the strata, it is safer to adhere to the more vague 
expression of the relation. At the base of the Krol, north of Solan, the 
soft black infra-Krol shales arc very well exixised. The (.‘arbonaceous 
element is the most striking character of the group, but it cannot be 
adopted as an essential one, or even perhaps general. Sometimes this 
character extends down to the beds overlying the Blaini limestone^ as in 
the outcrops on the Ghambar between Kiari Gha* Sairi ; but often 
it is w’^anting in beds that seem to belong to this horizon, as along the 
Solan watershed, on the crushed anticlinal between the Krol and the Bdj. 
In the absence of faulting, or of an outcrop of the Blaini limestone hor(‘, 
all the beds should l)elong to the infra-Krol group, but they arc not car- 
bonaceous. It may perhaps be questioned whether tliis can be attributed 
to a subseejuent removal of the carbonaceous ingredient, or to an original 
inequality of distribution. Tliis carbonaceous ingredient of the shales is, 
liowcvcr, very vridcly spread, being well seen at Mansiiri (Mussoorec), and 
other places at a distance from the Simla region. The shiny black 
crushed rock, so common in faulted ground in this region, is presumably 
derived from the carbonaceous beds of the infra-Krol group.® 

* McMahon : Kec. G. S. I„ X, i>. 210. 

- Svhafhu Coal . — The coul;^' UHpect of this carhonaceoiis sliale, especially where Tnaile 
glossy in crushed ground, has on,cn raised exjtectations of finding eoal. In 1862, Colonel 
Fyers, in sjate of warnings, made an attempt at mining upon an outcrop of this crushed 
rock near Suhathu, expecting to find coal to the deep. The stuff contains sometimes as 
much lus 25 per cent, of fixed carbon, hesidos 11 per cent, of volatile mutter, portly hydro- 
arhons. 
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In the neighbourhood of the Krdl or at Simla, a thickness of about 
1,000 feet would iiu;lude the b(ids betw'een the Blaini limestone and the 
base of th(^ Krdl j^roup ; elsewhere there is a much j^reater apparent 
thiekne.ss, as from the base of the Tara Devi quartzite at Man Ghat sum- 
mit, to the outcro]) of the Blaini ^roup in the Ussan, where the thickness 
would seem to bo 3,000 feet. But in all these sections the strata are 
fjfreatly affected by small slips ; and these interfere with any attempt to 
<.‘stimate the dimensions of the g'roiips, and tend cither to exa^-gerate, or to 
diminish the true thickness.^ 

The Krol group. — On the Krdl mountain, from which it takes its 
name, the top ^roup consists almost entirely of limestone, a i)ale-^roy 
compact or crypto-crystalline rock, sornelimes dark and locally oolitic ; 
but even here there are sul)ordiiiate shaly beds, sometimes pale pink, and 
at the ba.se there is a variable band of clear coarsish quartz sandstones. 
The calcareous element is decidedly the prevailing character of the ffroup, 
as compared willi the underlying slate series, which is remarka])ly deficient 
in this ingredient. The sandy element, however, is often very pro- 
miiHiiit. As an expansion of the bottom band, this fact is well (^xcmpli- 
lied at Simla, in the ma.ssive quartzites of Boil(‘auganj, and of Tara Di‘vi 
ridge to the south, overlaid by a remnant of the Krdl limestone at Julog. 
]']lsewher(?, as south of Guma peak in Sirinur, the limestone itself is 
rather a calcareous sandstone, or occurs as subordinate bands in a mass of 
sandstone. When the ground comes to l)e worked out, these variations 
will be useful, as suggesting lot:al conditions of de]>ositi()n; and the estab- 
lishment of this character in Ihe standard area will facilitate conjectural 
identineatiou of the group elsewhere, as in Nepal. 

The relations of the slate and gneissic series. — No special ac- 
count has been given of the distribution of (^acli group, nor of the struc- 
tural features of the ground, because the little that is known of either will 
he fully exhibited in discussing thediflicult question of the relation of the 
t wo ro(‘k-series. The struetura.1 peculiarities of the Lower Himalayas 
are best sliewn by contrast with those of the other regions of the moun- 
tiiins. All the houiidaries hitherto noticed were determined along what 
are clearly Iliinahiyan lines of disturbanee. Even in the middle region, 
where both the l)ottom tertiary and middle tertiary junctions were shewn 
with some probability to be aboriginal, i. e,, primarily (as junctions) 
lines of deposition, these had previously been determined as lines of erosion 
by the early results of Himalayan disturbance. In the North-West, again, 
where the Sub-Himalayan and Central Himalayan features come toge- 
ther, there is complete eorresi)ondenee between the structural feiiturcs in the 

i Mem. G. S. I.. Ill, Pt. 2, p. 37. 
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g-neissic axes of the Dhauladliar (the range just north of the Kangra valley) 
and the Pir Panjal (t he range south of Kashmir), which are constructed on 
the sjime pattern as the latest ridge of the Siwaliks. The change is im- 
mediate where, at the east end of the Dliauladhar, the Lower Himalayan 
region begins : the boundary of tho slate and the gneissic series here does 
not run even aj)proximately parallel tn the main boundary ; it bends cast 
and then north, round the point of a ridge o£ gneiss, up the valley of 
the Bias towards Sultanpur, and thus all round the basin of tho river 
and its tributaries to the south, where it runs to south of west along tlie 
Jalori ridge of gneiss, separating the Bias from tlie Sutlej, and then 
round the point of this ridge and along its south flank to far up the 
valley of the Sutlej. 

Other changes are commensurate wiih this remarkable one in the out- 
line of the boundary : from being a single narrow outcrop along the base 
of the Dhauladliar, the slate and limestone series spreads into a. wide area 
(some 20 miles by 80) in tlie Bias basin, and similarly *on the Sutl(‘j. 
The stmctural features in the two positions are equally discrepant : along 
the Dhauladliar tho strata are vertical, or underlie towards the gneissic 
axis m inverted order ; whe^’eas in the great river lusiiis oi*‘ this terrv.- 
nal area of the Lower Hirnalav‘i^, the ooni-n«'u^ contortion of the rocks 
within the basin b beyond description; but at the boundary the dip on all 


sides is towards the overhanging ridge of gneiss, and in normal ordevy 
the^’ .c, ol limestone being uppermosii.^ 

^^icc is as if the slate and limestone scries really passed 
benea^’ older than it ; but if this gneiss is the same 

as thS range, such a view would bo untenable. The sup- 

poftitio ^icl? Id best represent the facts to the imagination is, that 
these dc^* .^nd \ j^jii tons valleys in the gneiss had existed in pre-silurian, 
or at lea:^’ ^^e-ca^^y^^jferous times, and had become tilled with deposits 
of those ,^^ .ods. subsequent compression the disturbance would 

principalL'^^ uke upon the softer later deposits, and in a man- 
ner corre \ding the features described. It is doubtful indeed 


whether 'jther sup^tion will fit the case ; the structural features 
may alinofc^^!^^^ said to v ^incompatible with the view of their formation 
by faulting^^^^ inversion^ joduecd by lateral thrust upon any parallel 
sequence 0 .^\‘strata, the different results of which processes arc so 
well illustrC i in neigh bourn., / areas. 

An appa^ complete refutation of the objection just stated, against 
the explanation by faulting, is found in the Sutlej basin. The Sluili 


mountain (9,420'), which forms such a picturesque object in the land- 


i Mfin. G. S. I., Ill, Pt. 2, p. 50. 
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scape from Simla, is formed of limestone, and it stands within the special 
basin of disimbance in (juostion. Above and east of the g’ap connecting 
the Shali with the watershed-rid east of the Sutlej, there is an outcrop 
of the Blaini group, dipping north-eastward; and from the Shali the lime- 
stone passes to the south-east, and round the h(?ad of the valley under 
Thiog, Fagu, and Mahasu, into the Naldera ridge, where, we have already 
seen (p. 509), it apparently ])asscs southwards under the base of the Simla 
slates. Thus on the south side the rocks of the Sutlej valley behave 
towards the slate series of the ty]>i(*al area, as they do to the giH'iss on 
the north side ; and it would seem that the crucial evidence, wdierel)y to 
judge the whole case of these valleys full of the latest beds of tlu* series, 
were to l>e found here, where the horizons of the contiguous rochs are 
more comparable. 

The question turns upon the point, whether the limestone of the Shali, 
and of the Sutlej and Bias valleys, is the same as the Krol rock ; and, so 
far as our observations go, the answer is in the affirmative. The general 
reseniblance of the two rocks is sufficiently marked, and the dilTerenees 
arenogreat(^rthan have been observed in the Krol rock within its standard 
area. Carbonaceous beds also are found in both of those valleys ; and in 
one case an ouhjrop of the Blaini group has been marked, north of tlui 
Siillej, on the spur north-west of Bihul ; where, in contact with a broad 
dyke of trap, there is a small thicknt'ss of coarse quartz conglomerate, 
overlaid by slate and thin-bedded limestone.^ 

Ace(‘pting this identification, we are then bound to supi)Ose a disloca- 
tion and downthrow of great magnitude in the Sutlej valley, or an up- 
heaval of the ground at Simla and to the west of it. The Blaini outcrop 
north of Simla passes westwards along the flank of the ridge to Dhamini, 
where it turns south and then south-east, following a devious course to 
near Haripur on the old road to Simla.” Thus the form of this iTievitable 
dislocation is quite on a i)ar with that of the boundary with the gneiss 
between the Sutlej and the Bifis. We cannot, however, reasonal>ly api)ly 
this crucial evidence all round, without consideration of the ohjeetions 
already noted. We have seen how regularly even the oldest rocks can 
conform to the lines of .Himalayan disturbanee — a fact which implies 
s<)Tne ap])roach to original homogeneity of disposition in the strata so 
alfeeted; and, in like manner, it seems obligatory to account for such 
very abnormal lines of dislocation as that under notice by supposing a 

1 Mom. (J. s. I., ITT, Pt. 2, p. 5fi. 

For tbci obsorvatioiis bore quoted, and for others to follow, as well as for a ftiller 
discussion of this puz/linpr question, see Colonel McMahon's c*xcelleut paper on the Simla 
Himabivns, Roc. G. S. 1., X, ]>. 201. 
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cormspoiidiiig clisoordaiice of original relations in the masses siihjeetod to 
the disturbing action. For the case in hand no su])position seems so 
idausible as tliat already made, that these upper rocks in the actual 
valley basins were orig^inally laid down in similar deep hollows formed 
by siibaerial erosion in the gneissic series ; and that the dislocated uj)- 
heaved mass of Simla slates, forming the ridge on the south of the Sutlej, 
was determined in form by an underlying original ridge of the support- 
ing gneissic rocks. The presence of this massive gneiss in the Chor, on 
the axis of this curved dislocation, is perhaps some suppoi't for the ex- 
planation offered of the latter feature. This mode of action is also su})- 
ported by observations made elsewhere, from which it was inferred that 
compression has a tendency to increase original inequalities of surfacie.^ 
''rhe junction of the slate and gneiss series in this region is not, 
however, all of the sharply defined form described in the Sutlej valley, 
where the massive unaltered limestone dips abruptly towards the massive 
gneiss. The observation already mentioned, of the Blaini group on a 
liigh point north-cast of the Shali, and having a low north-easterly di]), 
gives us (jauseto expect that the Krol rocks 0 (*cur in the asetmding section 
in the direction of the high mountains, lofty spurs from which are at no 
great distance. The same Blaini outcrop has been traced by Colonel 
McMahon to the south-east across the Thiog ridge into tlu? valley of tlie 
Oiri, east of whi(*h it passes under the Paternala ridge, formed of Krdl 
quartzites, to (iinerge again in the valley under Chei)al, whence it is trace- 
able to the Tons iit the bridge on the Siinla-Mansuri (Mussooret‘) road. 
The ex]iectation to find the supra-Blaiui rocks inside this line is natural ; 
but the difllculty of recognising them is indefinitely increased by the 
greatei* or less metamoi-phisni that all the rocks ha\'e undergone in this 
direction. 

A very important first attemjjt to accoin]>lish this task lias heem made 
by Colonel McMahon. lie considers that the calcarcons schists forming 
the summit north of Mutiani, on the Simla watershed ridge, cast of 
Shali, represent the Krdl limestone; and they pass on to Narkanda, close 
under the Ilatii summit, formed of the massive gneiss. Similar cal(;a- 
reous and earljonaceous rocks occur in the Sutlej valley, north of Hatu, 
above and below Kotgarh, and close above the massive gneiss in tlie 
gorge of the river. Other identifications have been made in like ])(>si- 
tions elsewhere, as at the base of the Shankan ridge about Kotkbai and 
l^irbosb (Taroebe), and far up the tortuous valley of the llupin. 'i1ie 
d(^grec of metainorphism these su])]H)sed Krdl beds have undergone is 
always markedly less than that of the gneissic rocks of the enclosing 

» Kec. G. S. I., VII, p. 62. 
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ridg-es ; but the action has been sufficient to amalg’aniate the two rocks at 
their junction, so that the detection of their original contact is most 
difficult. Such crucial sections must, however, be sought for and found, 
to complete the direct evidence for the proposed relations of the rocks. 

Such observations as those now recorded — where top beds of the slate 
series rest close upon the massive gneiss — imply, not only the removal of 
the 6,000 feet of schistose gneiss, normally overlying the massive rock 
in closely adjoining positions, but also the entire overlap of the Simla 
slates by the Krol deposits in the inner area of the mountains ; thus 
completing the picture of the primitive condition of the Simla area — as a 
groat mass of gneissic rocks, deeply eroded by atmospheric denudati(»n, 
and gradually submerged beneath the palajozoic waters. The idea of the 
upper gneiss being the Simla slates converted, is hardly to be thought of ; 
a much more i)rol)able equivalent for the infra-Blaiiii beds being found 
in the silurian slates resting upon that gneiss in Tibet. 

Special metmorphism and disturbance. — The extent to which 
the lop beds of the slate series have been locally metamorphosed under 
dilTcn'iit circumstances is well exhibited at Simla itself; the garnetiferous 
and hornblcndic mica schists, with abundance of vein quartz, forming 
Jako, being uiidoabtedly converted infra-Krol beds, overlying the Blaini 
group, which is well seen round three sides of the mountain. This feature 
is in its(‘lf most interesting, as shewing that advanced results of 
m(*tamorpliism arc 1)rought alamt independently of any plutonic heat ; 
the Simla slates unu(M’l 3 'ing these highly foliated schists of Jako sh(‘w 
no sign of ciystallinc metaraorphism, although of course they^ must 
have had the full beiudit of any heat from below that can have been 
instrumental in producing those clTects on the upper rocks. This re- 
markable case of special metamorphisra at Simla, was a strong point 
in the suggestion that even the gneiss of ITatu and elsewhere might 
i’(‘ally bo a later formation than the Krol beds, which at so many points 
scorn to pass un<lor it. That suggestion did not necessarily impl^^ that the 
Krol b(‘ds maintained their unaltered condition btuniath the gneiss ; but 
the proof (p. oD?) that this latter rock is the same as the infra- silurian 
gneiss of the main range, renders the sugg’estion altogether untenable. 

In this connexion notice may be taken of a common structural fea- 
ture of the hills in this region ; how, almost invariably, vertical or 
highl}^ contorted beds are found in the bottoms of the valkys, whether 
transverse or longitudinal; while in ascending the slopes the dips become 
lower, and at top the beds are often quite fiat. The usual explanation 
of this would be that, as the valhys arc the result of denudation, 
erosion had taken jdace where the strata were most crushed. A quite 
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opposite interpretation of the facts lias been su^^rosted by Colonel 
McMahon, to shew that more or less of the contortion of these rocks 
has occurred since the hills and valleys assumed somewhat of their 
j)reseiit form : — that, lateral pressure, set up bcmeath a deejdy eroded 
surface, would take effect in the manner described, crushiii»* the strata 
ill the positions of least resistance, the action being distributed in a 
diminishing degree up the sides of the hills. Some eonfirmation of 
this view may be derived from the fact that great contortion, the result 
of lateral pressure, has been proved to have taken place in the outer 
hills since the main features of the Tjower Himalayas were carv(‘d out 
(p. 57l)) ; and it is by no means unlikely that at the same time some 
action of the kind supposed occurred in that area. 

There is always a risk in api»lying characters that are obscure, to 
modify the interpretation of characters that seem plainer ; but in 
complex questions no suggestion should be omitted. Thus the fact 
tliat on a commanding summit, some of the highest, beds of tluj Avhole 
stratified series are found in a high state of metamorphism, overlying 
unaltered rocks, and well removed from the area of general rn(*tamor- 
j)hism, seems decidedly at variance with certain views ])ut forward, on 
page 509, regarding ])Fe-tcrtiary Himalayan land and the late dis- 
turhance of the slate series. The risk here lies in the iiiiporfeetion of 
our knowledge regarding the processes of the metamorjdiism of rocks ; 
but on any su 2 i])osition, short of some innate form of metaniorphie action 
at this spot, we must connect the fact witli tlie princi 2 )al disturl)anec 
and crushing to which these rocks have been subjected ; and it must 
have been a form of disturbance very different from that sugg(*st(‘d in 
the last paragraph. Tlic same considerations would suggest that, at the 
time of their inetarnorphism, these rocks on Jako, and the vall(*ys on 
both sides, must have been covered by a tliieknciss of deposits of which 
no account has yet been taken. Or may we reverse the reasoning, and 
take the fact of the rocks being altered on this peak as a proof of how 
very superficial a matter thorough mciamorphism may be ? 

Trappean rocks. — The distribution of eruptive rocks in the Simla 
region is not without its bearing ui)on the foregoing considerations. 
On the best known section, that along the road through Sinda to Nar- 
kanda, only one thin dyke has been observed near the latter j^lace ; 
whereas in the same ro(;ks of the adjoining area in the Sutlej valley, 
and again in the basin of the Bias, we find profuse trapiiean intrusion, 
evidently connected with the extreme crushing and disturbance the slates 
and limestone have undergone in those positions ; and the same intrusion 
occurs again freely to the south-east, under like eondilioiis. Trap is rare 
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in the ^neissic scries^ unless in ])articnlar spots, as on the Sutlej between 
Nog'li and Ilampur ; and its absence in the slates in the area indicated 
may l)e due to an underlying* mass of gneiss, such as has been just sug- 
gested to account for the peculiar form of dislocation connected with the 
elevation of that area. 

This distribution of the trap, connected with the fact that the slates 
had not been contorted when the Subathu deposits wore laid down 
(p. 509), has been taken ^ to prove that the trap of the Lower Himalayas 
must be at least of ])Ost-nummulitIc age. Tliat it should so very rarely 
peneiratc the tertiary rocks is rather remarkable (p. 557). Can the ex- 
planation of this a|)parent anomaly be, that the origin of this intrusive 
rock is rather innate Ilian hypogene?” 

The Ohor mountain. — The most conspicuous summit of what we 
may still speak of as the Simla region is the Chor mountain, having 
an elevation 'close upon 12,000 feet (11,982). It siands between the 
Giri and the Tons rivers^ 25 miles south-east of Simla, and as near to 
the [)lains as that/ station itself. Throughout the whole Lowi*r Ilima- 
lavas no summit of this eh^valion is known to occur so near tlie edge 
of the mountains. The entire crest is formed of the most massive 
granitoid gutuss, which, unless repeated by faulting or flexure, must be 
luTc at least 5,000 feet thi(‘k. The area occupied by this rock 
is about 10 miles long, from south-east to north-west, by 6 miles broad ; 
it is surrounded by the slate and limestone series. 

At first sight, and from the point of view of the slates and the 
metamorpliic series forming an approximatcdy conformable sequence, 
the feature was most puzzling, as it had to be accounted for in some 
manner as a jirotrusion of the liasal rock through an oiKuanous thick- 
ness of overlying dejiosits ; and accordingly it was so accounted for"; 
a j>artial resemblance of the cross-section to that of the Dhauladhar 
was allowed to overrule many almost incompatible facts recorded at 
the same time,'* and the Chor was })resented as a protruded mass. All 
the observations we j)Ossess of the g*round are few and incomplete ; but 
they seem to agree best with the view brought forward by Colonel 
McMahon, that the Clnir w^as already a mountain in palajozoic times. 
The ground offers an accessible and compact Held for the study of this 
most interesting question of the relation of the two great rock-series. 

» Mom. a. S. I., HI, Pfc. 2, p. 71. 

“ For jipanillol case, soo Mom. G. S. I., VII, (201) — (203). 

3 Mem, G. S. I., 111., rt. 2, p. 47. 

* /. c., jjp. 41 to 45. 

" Roc. G. S. 1., X, p. 211. 
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The <?nciss of the Clior is highly granitoid and massive. It is 
ccriiiinly generally free from foreign rock, but vein granite has be(Mi 
observed in it.^ The bedding and foliation can, however, be tra(*ed, 
iiulicatiiig a low dip to north -north-east ; and other features shew this 
to be the lie of the gneissic mass : on the north, the overlying schists 
reach farthest up the spurs, and the gneiss farthest down the stream 
beds ; while on the south the highest outcrops of the gneiss area arc on 
the s])urs and the schists extend up the valleys. This latter disj)osilion 
reiiuires that the gneiss to some extent overlies schists ; but it has not 
betaimade out whether this is by normal superposition, or by inversion of 
newer beds, or by deformation of an original junction, or by faulting. 

On the supposition of this gneiss being protruded from below 
among the slates, whether in a ])artially^ jdastic state or by^ faulting, its 
neiglibouihood should bo a position of s])ecial disturbance. The contrary 
is certainly the rule. In ascending from the Giri to tlie Chor, the 
Simla slates maintain a moderate dip towards the mountaiii; they 
become gradually metamorjhosed, and about Banalah and Solnina, close 
to the gneiss, soft hornblendic garnctiferous nii(;a schists, like those of 
Jako, are nearly horizontal. Similar beds on the north side form the 
spur between Mandera and Suran, wdiere they rest upon the porjhyritic 
gneiss. If these beds are indeed of the infra-Krdl group, the (*ase of 
overlaj) and eoin])letc unc'onforniity w'ould be established. On the south- 
east side of the Chor the limestone is in great fori*e, and the disturbance 
is more marked. 

South-east of Simla.— Although the fullest and clearest se(;ti()ns 
of the upper grouj)s of the slate and limestone series are found in the 
Simla region, the most eornjdehi case of removal of these beds occurs in 
the same ground; west of the Krol, up to Arid, the great Kiol limestone 
IS wanting, unless it is rej)Fesented by the narrow band at Kakarbati^ 
on the old road to Simla, the pseudo-organic markings in which rock 
have often led to a vain seaiX'li for fossils. The absence of the limestone 
here is apparently C(>niu;eled with the faulted elevation to the west.^ 
described on page (50^1. South-eastwards from the Krol the limestone 
range Is very ctnispieiious, being shar])]y'^ dedned on the north l)y a great 
faulted anticlinal that passes from Kandah Ghat, at the north base of 
the Krol, down tlie deep valley' of the lower Giri. From the contluenee 
of the Palar with the Giri the limestone crosses to the noith, and 
spreads over a large ar(;a. east of the Chor, to the Deoban mountain (9,d l7') 
in Jaiinsar. The boundary with the giu*issic series has not been traeed 
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in that diroction. Alon;^ tlie ridfj^c at Mansuri (Mussoorec) the Krdl 
limestone oeenrs frequent as on the Ahhey and CameFs-baek summits. 
On tlie toj) of Landour it is mixed with sandstones, and pppears again 
hy itself on tlie Tajiuhan point. The Blaini limestone and conglomerate 
arc well seen on the flanks of the Sirkanda summit, and again in the 
(janges at its <ronfluenec with the llinnalgar. Intrusive trap is not 
uiieommon in the slates at Mussoorce. 

Kumaun and Garhwal. — As the earliest British possession in the 
Himalayas, the jirovinee of Garliwal and Kuinaun w’as the first o])en to 
sy sterna tie oh.servation. Indeed, the first a ttempt at offieial geological 
survey work in India was the rninera logical survey of .this ground, under- 
taken hy Captain Ilerhm't Ijy order of the Governor (Jeneral (Lord Hast- 
ings). The work was finished in 1825, hut was not published till 1842,^ 
nine years aftia- the death of Captain Her])ert. As the work of an 
aeeomjilished man, fairly versed in the s(*itmec of his day. Captain Herbert's 
report is of ])erTnanent interest for students of g( ology in India, as •the 
best local illustration of the state of geology at that, time. 

A cpiarter of a century later it was again on this ground that a 
connected geol(\gical surv(\y on a large scale was undertaken by Captain 
Bichard Strachey, of the Hengal Engineers, now GeMMnl Strachey. His 
nia]) includes the same area of tin* Lower Himalayas as Cajitain Herbeit/s, 
between the Sutlej and Nepal, with the important addition of a liroad 
band in the Tibetan region. A com])arison of the two works gives an 
instriictivt* illustration of the advance made by geological science in the 
interval. With some few exceptions, our remarks on this portion of the 
Lower Himalayas are takx*n from General Strachey's observat ions." 

The seiit ion through Naini Tal and Alinora jiresents some analogies 
with the Simla section. The ridge at Naini Tal is a great synclinal 
range, with many ]o(;al fractures and contortions, like its type the Krol 
range. The great . limestone that forms maii}^ of the summits to the 
south’ of the lake is very like the Krol limestone; and the pink, greenish 
and dark-grey shaly slates associated with it shew the same atlinities. 
A conglomerate like the Blaini rock has been observed in the dark slates 
forming the ridge north of the Kota diin. One observation, indeed, has 
b(?en record(*d throwing doubt upon this correlation : the Messrs. 
Schlagintweit announced ^ the discovery in the (day-slates in the neigh- 
bourhood of Naini Tal of numerous Foramhilfira^ evidently identical 

> As iiti oxira numbor of Vol. XT of tlio .Journal of the Asiatic Society of Denial. 
The insip to illustruU^ the r(‘j)ovt was issued with Vol. XI 11, 184-4i. 

2 Q. ,). (!. S., Vols. Vll Jiud X, 1851 and 1851. 

3 J. A. S. D., XXV, p. 118. 
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with those which accompany the eocene nummulitic formation/^ It is 
possible tliat these explorers may have hit upon a remnant of the 
Subathu beds) folded up in the slates, like those mentioned in the Sirmur 
area (p. 534), and the one case cast of the Ganges (p. 535) ; but it is also 
possible that the oolitic or other concretionary forms, common in the 
limestone at Naini Tal as at the Krol, may have been mistaken for fossils. 
Numerous careful observers have searched the rocks in vain to verify the 
IMessrs. Schlagiutweii^s discovery.^ 

North of the limestone range there is a great dislocation with up- 
heaval to the north, as at the Krol. But in Kumaun, at h^ast on this 
st^ction, the line oF fracture is lilled with a basic eru])tive rock, numerous 
dykes of which ocCiir in the range about Naini Tal. It is api)ar(‘nlly on 
the soulh-castorii continuation of this m;.in intrusion that the igneous 
rock Vvhi(h penetrates the sandstones of the Sub- Himalayan zone (|>. 543) 
is described as taking the form of a griinite.- It is statinl that the 
limestone oe(?nrs again to the east of this great line of intrusive rock. 

North of ilie dislcK'atioii the contrast w-itli the Simla section is most 
marked: w^o come at .oneo upon thorough metamor|>hic strata, geiiuiiu? 
schists, like the older series of the Simla rcginii, ratlier than like any 
known metarnorphie condition of the slate series. The strata maintain 
a steady, moderate north -easterly dip, tbus presenting a very marked 
decrease? of disturbance as comj)ared wdtli the newen* rocks. This w^as 
also a point, of contrast between the two series in the Simla region. In 
Kumaun, too, traj) ro(‘k is comparatively rare in the giieissic series. 
South of Almora (the capital of Kumaun) a broad band of granitic rock 
oci'urs in the schists, and has a considerable range to south-east and 
north-w’cst. It seems to be in the main a massive granitoid gneiss; but 
some true vehi granite occurs wutli it. Mica schists occur again north of 
the granitoid rock, containing strings and nests of iTnj)ure graphite, the 
north-easterly dip being continued; after a spacC the same beds turn 
nj), wdth a soiith-w^esterly di]). North of the synclinal there is a. n\firked 
line of disruption, wdth eo])ioiis intrusion of tj‘a])peau rock and the intro- 
duction of new strata — slates, congloinerates, and quartzites, with lime- 
stone ill force. Distiubance is, again, more varied and more marked in 
these formations, and it is not unlikely that they may ultimately he 
identitled wuth the slate and limestone series of the Simla region, though 
no specific attempt can now be miule at affiliation. Beyond those, again, 


\ 'riicro is also ]K)ssil)ilitv, :js in llic ease* of tlic triassk^ linjosinno, saitl io liavo kern 
found ky oiu‘ of tlu* saiiio rollcclors near Sokiii, nml in tiuuktous oxnuiph'S amongst, llu-ir 
zot)logic!il r«»llcctions, tkat t here was a mistake akout the locality of ike speeiiiieii. 

■ Q. .1. G. S., 1851, VII, J). ‘jys. 
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there is a region of crystalline sohists at the base of the great .snowy 
range. 

Nepal. — From the borders of Kumaun we have to pass by a blank of 
250 miles to get o ir next glimpse at the rocks of the Lower Himalayas, 
on the Kathmandu section.^ The length of this section is about 30 miles, 
from the main boundary ; which distance would nearly take us to the 
second line of dislocation and intrusion north of Almora in Kumaun, 
and as far as Narkanda in the Simla section. Except in the conjectural 
idcntilication of the formations, the features are unlike those described in 
the western area. 

The fu’st rocks seen north of the tertiary sandstone are some (^arlhy 
schists, having a *mshed di}» of 50’ to north-by-cast, quite parallel in 
strike to the sandstone and to the boundary. A thin band of YAnc 
limestone occurs in these beds j and further on, a thick band of blacdv 
schistose slates, in which are some irregular layia's of impure (joaly 
matter. All these beds, though decidedly sub-foliated, are h‘ss 
altered than any rocks to the north of them, and also less highly inclined. 
After some special contortion and folding, connected with which a doubt- 
fully intrusive trappoid rock was observed, the schists ai’c succeeded by 
a broad hand of quartzites; and these again by a groat mass of while 
ciystallinc limestone, all dipping at 70^ to to north by east. A 
specamon of this rock proved to be not dolomitic. 

This great band of limestone would seem to end tlu; ascending section ; 
for over a broJid area on the north this limestone and the quartzite are re- 
])eated in broken confused masses, as if in a syindinaUlexiire, forming tlu‘ 
most wild and picturesque portion of ilie Kfijdi valley, below Nimbna 1 enr. 

Tlic reseniblancc of this scries to that of the Krdl and infra-KiV)! 
rocks, is quite sufllcient to warrant the supposition of their coiiiu'xion ; 
and even the form of the section, so far, is homologous with the (*orre- 
spoiidiiig portion of tlic western sections. Tlie greatly advaiK*ed imda- • 
mor])hism and the excessive dislurbanee are the chief points of contrast. 

At the head of the llapti valley, about Jhmphcdi, tluire is an abrupt 
change of the strike, to north-35r°-wcsi, in Jlaggy qua, rtz(^se schists ; 
and in the Chessagarhi ridge these rocks mv associati‘d with thick bands 
of ])orpliyritic gneiss, wdiicli bccoines dominant at the north basi? of 
the ridge. On this side the change is abru])t, from the gneiss to a gre^at 
series of flaggy and slaty schists oceni)ying tla‘ Pinanni and ("hit long 
vallevs. Tlic dii)s are in opposite directions in the guciss and tlic schists 

close to their junction, suggesting that. the gneiss had bee:i faulted up 
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aloii". a brolcon anticlinal. With slig^ht variations, there is a steady 
asccndin.i? section of the flag^^y schists n]! to the Chendragfiri rid^'c, over- 
looking’ the valley of Nopal ; and here a«*ain we come upon calcareons 
rocks, which occu])y the whole width of the Nepal valley. It is a broad 
synclinal, with rei)eated minor eompi’cssed flexures of these upper rocks. 
Pure limestone occurs chiefly towards the top of i/he scu’ies, as the whii c 
crystalline rock at the summit of Phulchok (9,720') and elsewhere ; but 
there is a j^reat thickness of strata, in which the (falcareous eh*ment is 
subordinate, the prevailing variety beiniL^ a massive, vi;ry fine, schistose 
quartzite, with only a small percentage of carbonate of lime. 

It is not a very forc(*d supposition i.o conjecture that these Nepal 
rocks are the same as those south of the Chessag-arhi ih%e, and represent 
the Krol series. The' chang;*e of composition is even analog^ousto that 
observed bet ween the Krol and the j^round at and north of Simla. 
The flai>*^y schi.sts of Chitlong would fitting’ly represent the Simla 
slates. 

Crystalline schists rise again, more or less vertically, on the north- 
north-oast side of the valley, ajiparcntly in descending sequence with the 
calcareous formation, and at first alternating with the coarse, fclspathic 
gneiss forming tlie lofty Sheo])Uii ridge. To the north-west, slaty 
schists come in again at the inner liase of the Sheoj)uri ridge, and 
have a decided southerly underlie towards the gneiss. In the valleys 
of the I'adi and Trisulganga the strike of those sidiists changes to cast- 
north-east, andcalcariious rocks oc(?ur with them. The Sheopuri gneiss 
probably does not cross the Trisulganga. 

It is doubtful whether the gneiss of the’Chessagarhi or Sheopuri 
ridges r(?presents the old gneiss of the western sections. Its structural 
relation to the schist, and’ limestone series is (juite different. No granitic 
vein-rock was oliserved in connection with it. It is also noteworthy that 
no tnippeah eruptive rock occurs in these sections, except in the doubtful 
case already mentioned near the mam boundary, although the rocks arc 
so universally contorted. The fact is apjiarently adverse to the conjecture 
hazarded (p. 607) upon the quasi-iniiate nature of trap in the western 
region. 

The Sikkim area. — Passing over another reach of forbidden ground, 
250 miles long, in* Eastern Nepal, the Lower Himalayas are again acces- 
sible in Sikkim, and we find an immense change in the aspect of the 
rocks. There is no calcareous group, and all the rocks are more or less 
metamorphic ; but their arrangement is very different from that seen in 
t he Kathmandu section, and superficially more like that of the Simla 
re non. 
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The first observation of importance in this ground was the discovery 
by Dr. Hooker, in 1849, of rocks containing fossil plants of the Damuda 
formation at the base of the Sikkim hills.^ This still remains the only 
(*asg of identification between the pre-tertiary rocks of j)eninsular India 
and of the Lower Himalayas ; and while we arc shut out from observa- 
tion in Nepal, nothing can be done to follow up this clue towards a 
fuller correlation of the fonnations in the two areas. 

In 1874, Mr. F. R. Mallet was deputed to examine the ground with 
a view to the possible discovery of useful coal-seams in the Damuda rocks. 
Several scams of workabl(^ dimensions were found, but the strata have 
been sul)jectcd to such compression and contortion, that the coal is every- 
where reduced to a flaky (jrumbling state, so that it could only be used 
after artifl(*ial consolidation. The broken Condition of the rocks would 
also makii mining very diflicult. Mr. Mallet has, however, given a de- 
scription of the rocks that deserves careful attention.” His observations 
extended along the fringe of the hills through t.ho Western RhutanDuars 
to the Sankos river, near longitude 90'* ; but as there is a striking contrast 
in Ihc rocks to east and west of the daldoka, forming the boundary of 
Sikkim on the east, the descriptions had better be given separately. 

The Sikkim area is more than 90 miles long, from the Meehi on the 
west, at the Nepal frontier, to the Jaldoka on the east. The Tista 
(Teesta) river, flowing from the great snowy range, divides this arca about 
ecjually into the Darjiling division on the west and the Daling on the cast. 
North of Darjiling lies the broad and deep valley of the Rangit ; while 
the Tisia and the Rangchu. form a similar deep dejnession north of 
the Ddling aj*ea, the combined effect being that of two broad lofty 
sY>urs confronting each other on opposite sides of the lower gorge of the 
Tista. 

There are three series of rocks within the area specified : a gneissic 
series, forming the whole of the mountain masses above 2,000 to 3,000 feet 
in elevation, and called the Darjiling gneiss; a great thickness of schist 
and slate, called the Daling series, exUmding not only along the outer 
border of the mountains, but up the gorge of the Tista and round into the 
valleys of the Rangit and Rangchu ; and the Darnudas, forming the 
third series of the Lower# Himalayan roedvs in Sikkim. The last- 
named are only found at the outer edge of the mountains, their gr(?atr. 
est inward extemsion l)eing a short way up the valley of the Tista, where 
of course the deepest section of the rocks occurs. The Damuda out- 
cro]) dies out within the limits of the Sikkim border : on the west it 

* Ilimiilsiyaii Journals, Vol. 1, p. 402, 

• Mem. G. S. 1., XI, Pt. 1, 
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(‘iiimoi he tr.ir*t*(l beyond the lial^i^an river, 4 miles short of the Nopal 
iTontier. To the oast it has not been with certainty traced beyond the 
Cliel, soutli of Diilino*, one of tlie positions already noticed whore the 
tertiary rocks have been totally removed or concealed. The D^ilin^ slat(\s 
at this point form a promontoty, reaching quite up to the usual line' of 
tlie outer edqe of the tertiary zone. 

The Darjiling gneiss. — Tme gneiss is the preponderating rook of 
the gueissie series, l)ut it often passes into gneissose scdiist and mica 
schist ; bands of quartzite ocioiir rarely, and hornblondlc rocks ate ex- 
tremely uneonnnon ; limest one or dolomite is unknown, and the gneiss is 
cjuartzose and nevcM* granitoid. Almost the only accessory minerals are 
kvanitcy schorl, and garnet. Several of these characters distinguish this 
gneiss very decadedly Irom the gneiss of the i)eninsiila, wliich is well 
re|)resent(‘(] close to tlie Himalayan border in the hills of Lower Assam. 
Exeo])t for the absence in Sikkim of* the massive granitoid hand, the 
Darjiling gneiss would fairly represent the gneiss of the Simla region. 
No observer in Sikkim h£.s suggested the presence of two gncissic series. 
In the snowy range near Kanchinjinga Dr. Hooker has described this 
rock as penetrated by granite veins; but this, as wo have remarked 
(p. 5D7), gives no gi’oiinds for its separation. The age of the gneiss 
in the great range of the Eastern Himalayas has not been jn-oved ; but 
there is no j'lresumption that it is differcint from the infra-siliirian gneiss 
in a eorrespondiiig position to the north-west ; and thus there is a decided 
presumption against the Darjiling gneiss being formed of strata of the 
secondary period, as it must he if its apparent relation to the other form- 
ations is the true one. At the same time, the rocks of the two areas 
have never been examined- by the same observer. 

On the main northern road through Darjiling the gncissic area is 16 
miles across, and the strata have the form of a broad flat synelinal, with 
numerous minor internal foldings. On the castci’n slope also, over the 
Tista, the dip is inwards (westerly). A like arrangement is observed in 
the gneiss of the Daling spur. 

The Daling series, — Palc-grcen smooth slates or (•lay-shitcs are tlie 
prevailing rocks of the Daling scries in its lower outcrops, next the 
Damiidas; but sometimes, in this positicTn, they arc quite schistose. 
Darker bands occur, also some flaggy quartzites, and rare beds of horn- 
blondic schist, whi(;h is sometimes calcareous or dolomitic ; but the almost 
complete absence of lime is a character of the series. Beds of carbon- 
aceous or graphitic schist arc occasionally found in the Daling series, as 
oil the road above Pankabari, and a little south of the cart-road at Kur- 
seong. West of the Mahanadi the beds next the Damudas are more 
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eailhy and arenaceous, and a slaty conglomerate occurs near, or at, tlio 
boundary- On approaching the gneiss there is always a marked increase 
of mctiimorpliism. In the outer rsouthern) sections this apparent 
passage into tlic crystalline series is comparatively rapid ; while in the 
interior the metarnorphism of the slates near the gneiss is more pro- 
nounced, more gneissose beds ap})caring in them ; so that the distinction 
of the two series is loss marked. 

In both the Darjiling and Baling areas, the dip of the slates is 
constantly towards the gneiss, thus conforming regularly to the con- 
verging dip described in this rock, and thus compleling the appearance 
tliat the Baling series normally midcrlies the gneiss in a continuous 
transitional sequen(;e. Only for a portion cf the boundary north. of 
Darjiling, in the Little Ilangit and on the Takvor sjmr, an a])i)earanee of 
fa,ul(iiig between the two scries was observed. From the re(iord(‘d 
arrangement of the rocks, it appears as if the lower gorge of the Tista 
lies in a broad trauversc anticlinal curve of the strata. 

The Da.muda series. — In some sections, as on the cart-road to 
Barjilirtg, the Baniildas have und(M*gone little or no alteration, and their 
r(\s(‘ml)lanee to the regular Gondwaua coal-measures is very marked. 
The sandstones, as a rule, a]*e rather fine-grained ; they sometimes occur in 
thi(;k masses, but coarse, white, fels])athie sandstones of the Ihirakar 
type arc not (‘ommon ; the bods are occasionally calcareous, and conglo- 
merates are absent. In these characters tThey resemble rather llui iii)])or 
measures of the Dainiida coal basins. The fossils as yet found comprise; 
two speeaes of U los,sopf eri» (one is G. Oruiotilam), F erMrarla, an 
(‘(piisetae'eous stem referred to Vhylloiheca, and SpheuopInjUum spcciosum. 
Freejiienlly, however, the Damuda rocks exhibit as imieb alteration as 
tlu^ contiguous Balings, as west of raukabari, and in tlie Ilangieluing 
cast of raukabari ; the sandstones being converted into bard cpiartzit-es 
and the shales into dark slates and graphitic schists. In this respect, the 
contrast with the contiguous tei*iiary rocks is iniporiant; these, although 
greai-ly disturbed and eoinj)resscd, never shew signs of mineral alteration. 

It would be difficult to assign a thiekiioss for the Bauuida- formation 
in this ground. The broadest section of the on loro is at the Tisia, 
about one mile long ; and the bods have a high dip (more than 60’) 
throughout, hut in very various directions. The prevailing dip is 
inwards, towards the mountains, and almost always so near the Balings, 
the stratiii(*atioii in the two formations being constantly ])aralU‘l. 

Relations of the three series in Sikkim.--Th(MM>nclusions which 
Mr, Mallet has adoi)tcd regarding the relations of these three roek-serii's 
are : that they form a eoiitiuuous stratigraphioul sequence, the gneiss being 
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the newest and the Damudas the oldest. This is undouhteclly the apparent 
reading of 1 lie reeordc'd observations ; and considered by itself, without 
reference to other Himalayan sections, the objeidion to it was more or 
less a theoretical one — the occurrence of a eomjiletely nietamorpliorsed 
formation above absolutely unaltered deposits. Mr. Mallet did not, of 
course, suppose that the Damildas passed beneath the mountain area with 
no <j!^r(»ater ebang’e of texture than they exhibit at the outcroj» on the 
ed^-c of that area; even the Diilin^ slates are more schistose in the 
interior valleys than alon^ the outer scarp of the mountains ; still, if the 
apparent sequence of the rocks nrerc true, the anomaly, on a very la,rg*c 
s(;ale, had to lie accounted for, and the explanation of it oll'ered by 
Mr. Mallet (/. c., p. is certainly a. vera caiim, within unkiunvn 
limits, in ado]iting which he was mneb encouraged by knowui ])re- 
cedents — the thoroughly crystalline schists (.s77nv/-lJlaini) forming Jako 
mountain at Simla, overlying slates that are not even sub-schistose ; and, 
the then open (]ucstion whether the Krol series did not really fiass 
under the gneiss of .Taluri and of Ilatn (p. 005). The subsequent 
demonstration by Colonel MaeMabon, ibat tlio gneiss of the Simla 
region is /;//)Y/-silurian, made this latter siqiposition untenalilc ; and 
other explanations, si'einingly more far-fetcluHl, bad to be adopted for 
that ground, n‘gardliig the nhition of the two gr(‘a1 roek-seri(\s. 

This experionee in the Simla region com])els us to s(*rutinise more 
closely the oliservations in 'Sikkim, and to indicate what. ]>()ssiblo alter- 
natives there are to the view at ])res(mt set forth. We have three series 
to deal with here, wbieb may rather help the discussion ; but we have 
not the advantage of knowing the normal (original) order of sequence 
in any of them, as was the case with the slate and limestone scries in 
the north-west ; so that in Sikkim we have no direct criterion as to 
inversion, or otherwise, in any ])articnlar position. 

Out of all the observations recorded bearing upon this (jucstion, only 
one gives certain evidence upon the original relations of these formations. 
Till* opinion that the Dalings normally underlie the Darjiling gneiss is 
a agether inferential, from the lie of the rocks of both series in adjoin- 
ing positions, no actual section of the junction having been seen. It 
may, indeed, be granted that if the gneiss does overlie tlie Daling series, 
it does so in normal sequence, inversion in this form and of such magni- 
tude hieing out of the question ; and this is a crucial point in the 
argument, for it can be said (from the evidence of our one sure section) 
that if the gneiss does overlie the palings, the Dainiidas must normal ly 
underlie them, as otherwise the gneiss must be converted Damudas, 
which is.aii untenable view. 



Extra-Peninsular. ] 


THE SIKKIM AREA. 


617 


The enieial section referred to is that in the Lehti stream {1. c,, pp. 
28 and 39), jnsi. west of the promontory of slates south of Daling*. 
Here we have a eontiiiuous section showing the original relation of the 
Damuda and -Daling scries to be complete conformity and association 
by interstratification, several hundred feet of each series being exposed. 
Notliing can shake the fact derived from this section (assuming it to be 
correctly desen-ibed), that the two formations are conformably associated ; 
and this disposes of one of the possible conj(i(;tures regarding tb(» bound- 
ary — that the Damudas were deposited against., a steep bank of the slates, 
as is thonglit to be the case with the boundary of tjie tertiary series. 
*1110 junction ol)served in the Lehti section may, moreover, l)e ^ne of 
extreme clironological importance; for if the Daling slates should bo 
idtimately proved to be the same as the middle ])akeozoic slates of the 
Simla, region, the Damnda beds so closely associated witli them can 
scarcely be* newer than upper pala^ozoicj. The other im]>or1 ant features 
of the Lehti section are, that the di]) is steady and low (3()°) ; that its 
iiudination is to the south; and that the Damudas overlie the Dalings. 
As tlie balance of evidence from all the other sections, and tin? decision 
regarding the slate and gneiss boundary, indicfated or requir(‘d that the 
Damudas should underlie the Dalings, this section in the Lehti had to 
be considered as inverted, in spite of its unbroken low dip, and southerly 
inclination, which would reepiro, or at least suggest, that the invertibg 
thrust had been dirccited from the south. It is true that the Damudas 
here are in their most altx^red condition, comprising quartzose and car- 
bonaceous schists, with thin seams of the flaky anthractic coal ; but the 
a(dioii of motamor])hism is too capricious and untraceable to carry much 
weight in an argument against clear mechanical conditions. 

We have already seen an instance (p. 537) in which one clear section 
was held valid against any amount of conflicting appearances. This 
Lehti section is not of the same decisive naturcj as the case referred 
to, but it certainly suggests the necessity of a (dose revision of the inter- 
pretation set forth for these intricate strut igraidii cal features. If it 
should be ujdield as the standard section, as shewing that the Damudas 
normally overlie the Dalings, all the other sections of this junction must 
be regarded as inversions; and the slate and gneiss boundary must, be one 
of great unconformity or of great faulting; for, as already mentioned, .it 
is scarcely possible that the gneiss should be converted Damudas. Tins 
slate and gneiss boundary (p. (>15) is, perhaps, the less dlflicult of the two, 
for its features arc exactly similar to those in the Bias and Sutlej valleys 
of the Simla region {\). (JOi), where the fault or un(X)nforntjity explan- 
ation had to be adopted. The greater difficulty is to shew how, on the 
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supposition of inversion, the Damuda outcrop could assume the form it 
has ; such as, its greatest inward extension in the Tista valley, on what 
is taken to be an anticlinal axis of the slates. This extension on the 
denuded anticlinal axis is exactly what would occur if the-Dalings over- 
laid the Damudas normally, without inversion. 

Another supposition is evidently possible : The unconformity view 
may be adopted, as in the North-West, for the Daling and gneiss relation ; 
and still the Damudas may normally underlie the Dallngs, and be 
altogether overlapped by these, low down (underground) on the flanks 
of the gneissic masses. 13ut in. this case also the section in the Lehti 
must be an inversion. 

The reader will probably admit that the interpretation of the Sikkim 
sections is still an open question ; and he null also recognise liow 
vciy precarious any attem])t must be to correlate these rocks with 
those of the Lower Himalayas of the North-West : the only conjectures 
jiossiblc are, that the Darjiling gneiss ju'obably represents the central 
gneiss, and that the Diilings possibly represent the Simla slates, in 
Avhich case the Damudas must overlie them. 

The Bhutan border — Buxa series. — Colonel God win- Austen wns 
the first observer in this ground (18C5-6S) ; 'when he brought to notice * 
its ])cculiar features — the local concealment or absence of the tcitiary 
rocks, and the presence in force of dolomites that are not re])resented 
in the Sikkim sections. Mr, Mallet^s connected observations of tlie 
two areas were necessarily too rajiid to admit of more than a snggesii>d 
corj-elation of these adjoining and contrasting sections. The siqx'rficial 
view of the case (from the maps) would be, that these new rocks in tlie 
Bliiiian Duars take the ])laco of the Damudas in the Sikkim ground. 

Mr. Mallet gave the name of Daxa scries to this new f()rmation, 
from the 'well-known Bliutilncse fort which is built iqxm it. The fullest 
section given is that in the Titi stream (20 miles west of Baxa), as 
follo'ws (in apparent natural order) : — 

(/). — Darlv-f^cy sLatos ; pyritous ami rusty 300 

(r). — with layers of dark-jp’cy slate ...... 1,500 

((/). — Grooii, hlack ami rod slates, with flaggy quartzite, chloritic schist, 

and flaggy calcareous beds at top 1,500 

(c). — White quartzite, locally llnggy and scdiistoso 1,000 

(/-»). — Slates with flaggy silieious and calcareous layers 800 

C*"/). — (Jreen and red slates . . . . 500 

The thicknesses arc only eye-estimates, the di]) being, pretty steady 
at 60°, to north-north-cast. In the Jangti (3 miles east of Buxa) the 


' J. A. S. B.. XXXIV, Pt. 2, p. iOG,aiid XXXVII, Pt. 2, p. 117. 
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apparent thickness of the dolomite band is 2,300 feet- Owing^ however, 
to faulting or contortion, with denudation and concealment, this rock is 
locally absent from the exposed outcrop of the series, as in the space of 
15 miles between Baxa and the Tursa. Carbonaceous schists were 
-observed low in the series in the Ilaidak stream (iO miles cast of 
Baxa) , 

Owing to the restrictions against entering the Bhutanese territory, 
Mr. Mallet was not able to examine the inner boundary of the Baxa 
series where it is fully developed, but it seems there to underlie a broad 
l)elt of slates and schists intervening between it and the gneiss, and 
pi-ob.ably representing the Daling series. This was also observed at a 
point 30 miles west of Baxa, where the Baxa series ends abriij)tly in the 
surface gravels : the Daling slates arc seen in the Jangti river at a short 
<listan(;e oflF, and they seem to pass inside and to overlie the ridge of 
Baxa rocks. From this point to the Jaldoka at the Sikkim boundary, 
the hills are altogether inside the Bhutan border, and thus inacces- 
sible. 

Between the Sikkim boundary and the promontory of Daling slates 
there is a short space, 6 mih^s long, where some of the tertiary rocks are 
represented ; and between them and the Daling zone Mr. Mallet found 
beds representing both the Damiida and Baxa series, but not in the 
same section. In the Mocliii, on thp west, just below the Dalings, 
di])])ii\g north-east at 00°, there arc coarse and fine sandstones, shaly and 
slaty beds, and t wo or three coal-seams of about a foot in thickness. 
These are undoubtedly Daniudas; but the rocks below them are not 
exposed. At 3 miles to the east, in the Machu, some beds, including 
cjirhonaceous layers, arc obscurely seen underlying very brittle silicious 
fl:igs, with ])ink calcareous layers, and a few of red shale, dipping north- 
north-west at 50°. Beyond these, and apparently ovcidying them, ani 
grtien slates of the Daling type. The middle beds of this section are 
(piite of the Baxa type, and unlike anything known in the Dalings ; 
and the carbonaceous layers at the base are not more carbonaceous than 
soini? found in the Baxa area. 

lndepcnd(;ntly of any direct identification of these carbonaceous 
layers in the Mdchii as Damuda, which would shew a distinct incipient 
intercalation of the Baxa l)eds bet ween the Dalings amd the Damudas, 
and a hoi izontal association and transition between the Damuda and the 
Baxa deposits, the general comj»arisoii of the sections seem to suggest 
no other su[)position than that these two series are in some manner 
representative of each other. The observations in hand do not admit of 
any further discussion of the question. 
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The Dikrang section. — After so complete a change as that from 
the Damuda coal-measures of Sikkim, to a great mixed series of deposits 
like tliat of Biixa, it miglit certainly be expected that the afteration 
would be permanent, and that the Buxa type of deposits would continue 
to the eastwacrd ; yet in the next observation we obtain oE the Lower Hima- 
^ lay an rocks, the section is more like that in Sikkim than any other. 
The locality is .more than 250 miles to the east of Buxa, in the Dikrang 
valley, inhabited by the Daphla tribes, where Colonel Godwin -Ausi-en 
has described,^ immediately inside the tertiary zone, a belt, about 1,000 
feet in thickness, of dark, hard sandsinnes with carbonaceous slialcs and 
scams of crushed flaky coal. No fossils were secured, but the probability 
is strong that the group represents the Damuda formation. The beds 
are more or less vertical, w'itli a north-east strike ; and they are bound(;d 
on the north-west by a parallel series of white quartzitic beds with 
micacieous and hornblendic schists, j)assing by degrees into gneiss, which 
in turn becomes highly granitoid. Had there been anywhere 'near 
this ground any development of so conspicuous a rock as the dolomites, 
they would surely have been noticed by so practised an observer ; so the 
presumption is fair, that the schists next the Damuda band represent 
the Daling roeks.^ Thus, again, the disappearance of the Baxa series 
and the reaj)j)earanee of the Damudas in it»s place, is some slights con- 
firmation of the conjecture hazarded, that these two formations arc in 
some manner equivalent. * 

Summary. — All the conclusions suggested by .onr st iidy of the Sub- 
Hiinalayan roeks, and summarised at the end of Cliapter XXIII, have 
more or less bearing upon tlie contiguous Lower Himalayan area, and 
indeed upon the whole mountain region : any additional remarks deriv- 
able from this latter area only, must refer to the earliest periods of our 
history, or, indeed, to pre-IIimalayau time, for all the formations con- 
cerned are probably not newer than j)alaM>zoic. 

From end to end of the range (very im])erfectly known on the oast) 
we have found two great rock-series, a slaty and a gneissic. For 500 
miles in the middle ol the range we have but one section, reaching 
only to 30 miles from the south border; and it is, perhaps, doubtful 
whether the gneiss described in that section belongs to the older series 
(p. 612). 

In the Simla region, at the north-west termination of the Lower 
Himalayas, a strong case has been made out for very great uncon- 
formity between the two series, shewing the paheozoic rocks to have been 

‘ J. A. S. B., Vul. XLIV, Pt. 2, p. 35. * 
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deposited upon and against a very deeply and irregularly eroded surface 
of the old gncissic series (p. 605) ; to which circumstance may be 
attributed the very partial manner in which the contortion of the rocks 
of the Lower Himalayan area has conformed to the normal lines of 
Himalayan disturbance. 

Structural features homologous to those of the Simla ground have 
been f)rovisiona]ly indicated in the east, in Sikkim (p. 617). Should 
this Hilation of the two scries be established throughout the range, 
a connexion will have been made out between this peculiar Lower 
Himalayan nigion and a primitive gneissic mass, forming a fundamental 
nucleus for the whole scries of Himalayan formations. The presence of 
this barrier may help in the explanation of the strange contrast pre- 
sented by the fossililerous deposits on the north, and the azoic charac- 
ters of what are probaldy the equivalent strata on the south, even though 
we find that these deposits were continuously connected to the north- 
west. 

What may have been the original southern extension of the groat 
slate and limestone scries of ihe Lower liimalayan area is at present a 
inatter of pure conjecture. Considering, on the one hand, the (?lose con- 
nexion of tlie .Iljimudas with the Lower Himalayan sI-aIcs, and, on 
the other, the prodigious break in timo between the Goudwan.as and the 
Vindliyans of the |)cnin.sular area, it does not seem likely that the latter 
formation can have any representative in the ue\ver series of the Lower 
Himalayan area. 
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CHAPTEll XXVI. 

EXTRA-PENINSULAR AREA. 

CENTRAL (TIBETAN) HIMALAYAS. 

DatH availaLlc — Classification of roclcs — General structure and distrihution — Tire 
inaiu j,nieissic axis — Tlie Ladak axis— .Tlie lluiidcs and Zanskar s^ynclinal — The 
Karakorum synclinal and Ktieiilun axis — The Kashinir synclinal — Posit, ion of tlic 
tertiary rocks — Gneiss of two apjs — The contnil ^'•iieiss/— Miiu'ral (diaracter — Strati- 
j^iviiihical relation — Relations dcdiiiod only in the middle ILimalayas — Tlie fjranitic 
nxis — Tenninal extensions of the central gneiss — The Zanskar gneiss — The Pii* 
PairjjU gneissic chain — The Dhauladliar giieissic range — The newer gneiss — The 
cliief sediuientary hasins. The forinatiou^f the Zanskar ari;a — Paheozoic sisries — 
South-west boundary — South-east boundary — The Rupshu inetani<>ri)hics — North 
boundary with tertiary rocks — The secondary series Tlie tertiary series. 

Data available. — As the title of this setjtion of oitr work would he 
uiitlerstood to ijielude all of the Himalayan re^^-ion not doserihed in this 
precaling chapters^ we must at once cal) attention to. tlie small portion of 
that enormous area of which any trustworthy ohservatious have heon 
made, Riid of wliich only any notice will be taken. Of the two south 
erii divisions of the region, the Sub-Ilimalayan and tlie Lower lifma- 
layaii, eomparable sections were jgiveu, extending nearly to the eastei-n 
end of the Himalayan ranges, thoug-li with very long blank intervals. 
Of the entire eastern half of the central area, wo have only to record 
Hr. Hooke/s ohservhtion^ within the frontier of Tibet, north of Sikkim 
and of th{^ gneissic axis, that conglomerates, slates, and red clays were 
fuunil overlying the gneiss; and further on, a dark limestone ‘‘full of 
(‘uerinitie fossils and probably nummulites, but all were loo much 
altered for determinatidii.^^ All the great peaks are said to be formed 
of gniuile or of massive gneiss. 

Oil the west of tlie unknown area of Nopdl, General R. Straehey 
has described the country - from the watershed at Lake Manasaraur 
(Maiiasiirowar), elevation 15, *200 feet, in about longitude 8H oO', and 
has given an account of ])arl. of Hiindes or Ngari-Khorsuin, in the ujiyier 
vjdley of the Sutlej, as far as the place where this river enters the tiaus- 
verse gPrge, about Shipki. 

ITiinabiyMii .Tonnials, Vol. TI. pp. I.'jG and 177. 

Q. .1. (i. S., VII. J851, p. 2S>2 ; and X, 1854, p. 249. 
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• This position immediately adjoins the ground of whi<5i a more de- 
tailed examination was made by Dr. Stoliczka* during the summers of 
1864 and 1865, extending from the* Sutlej to the Dras river. Neither 
of these descriptions extends northwards much beyond the rightjbank of 
the Indus, which river occupies a nearly central position in the region we 
have provisionally adopted as the Central Himalayas. For the northern 
poriion of this ground, including the Karakoram and Kuenluii ranges, 
our information is derived from the traverse made of it by Dr. Stoliezka 
oil his journey to Kashghar in 1873-74.^ The latest additions to the 
g(?ology of the Central Himalayan region are by Mr. Lydekker in tlur 
neighbourhood of Kashmir.^ 

Thus it is seen that our materials refer almost entirely to. the north- 
western, sub-terminal, jiortion of the Central Himalayas. It is in tlie n(*ar 
extension of this ground, where the main geological axes of the Hima- 
layas seem to be more or less continuous with those of the Hindu Kush, 
that the battle of the mountain systems (p. 518) must bo fought out. 
While the facts upon which the question can be decided are unknown^, 
it is dilTicult to take any interest in discussing it. 

Classification of rocks. — In our descri])tion of the two preceding 
divisions of the Himalayan region, wo Lave been forced to d(>])end almost 
exclusively upon slratigrapbical cbaracters, the rocks of the Lower. 
Himalayas having proved mifossiliferoiis ; and even in tlie tertiary Suh- 
Hiiiialayan series the occurrence of fossils is so irregular, and the exact 
sequ(.mce of the known fossils is still so uncertain in didail, tliat hut little 
use could be made oi Ibcm in tracing horizons througliout so great an 
accumulation of deposits. Our knowledge of tlic Central Himalayas may 
almost l)e said to err in the opposite direction. In cous(*(pien(?e partly, 
no doubt, of the ex])Iorer^s atteutioii having been csj)e(;ially directed to 
pakeontological investigation, but still ’more as a result of the great 
didiculties of moving about in such rugged ground, and under such 
trying atmos])herica] conditions, our infonnatioii of the central region is 
deeidcidly de(i(Moiit in critical stra<igra])hical oliservations. But few will 
com])laiu of this when palaxmtologieal informat ion is forthcoming ; and on 
this score the results alr(;ady obtained arc highly satisfactory. In pro]>or- 
tion to the time devoted to this ground, tlie knowledge we possess of it 
gives a striking instance of what a master-key j)alaH>nt:ology is in geological 
researches. It is sad to have to record that the master who applied that 

1 Mom. G. S. I.; Vi)]. V, I)] 1 . 1 JUKI 337. 

- Uoc*. G. S. T., Vol. Vll, ]»]). 12, 49, 51 ; and ScicnlWir UosJillswf the Second Yarkand 
Mission: G colony : (^alcntta, IS7S. 

•3 Koc. (J. S. 1.. 187H, Voh XI, p. 30. 
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toy to the gcfflogy of this region lost his life in those researclies. IJr. 
Ferclinand Stoliczka was buried at Leh^ in the very centre of the field of 
his achievements. ‘ . 

In one respect, that of the unaccountable absence or rarity of fossil 
remains, the slate and limestone series of the Lower Himalayas exhibit 
an obscure relationship to the old formations of the Peninsula; although, 
as regards petrological characters, the rocks of the two areas are en- 
tirely dissimilar. This azoic condition holds good for those same forma, 
tions along the whole south face of the Himalayas, in their extension 
to the north-west of the Lower Himalayan area, along the flanks of the 
lljiauladhar and the Pir Panjal. It is true thesi; roi'ks in that posi- 
tion an? greatly corn})ressed and more or less aliered, but certainly 
not so as to obliterate? all tiuc'c of fossils, had any been preseni. in them. 
Already on crossing the Pir l^injal into Kashmir, fossils are found in 
the carboniferous limestone, sandstone and shales, which are with much 
probability taken to represent the ii])per portion of the series to the 
south. Still here the underlying silurian slates have as yet yielded no 
fo^5sils. It is only on crossing the higher range into Tibet that the scries 
of marine fossililcrous dej)osits can be fully recognised. Through this 
ground the geology of India, can be brought into relation with the rest 
of the world: all the princi])al formations of tlu; (jstablishetl stratigraphical 
scale, except the cambrian, devonian, ])ermian, and neocoiriian, have 
been identified; The detailed secjuence of formations will he given in 
connexion with the separate areas in which they were observed. 

General structure and distribution.— Consid(‘ring the immense 
range of formations — metamor])hi(?, ])aheozoic, and mesozoie — represented 
in the sections of the !North-’\Vest Himalayas, the general uniformity 
of distribution and symmetry of arrangement, so far observed, give inueh 
promise that, ultimately, a very. eoin])Iete history of the region can be 
made out. From end to end of the ])artially known ground, about 
500 miles, two gneissie ax(;s arc more or less continuous. . 

The main gneissie axis.— The southern of these is the Himalayan 
range proper, of which, in Sikkim and again wi‘st of Ne])al for »500 miles, 
gneiss is the predominant rock, many of the highest and most massive 
peaks being formed of it; Avhile the slates on the north sometimes run 
up to an equal altitude, and the passes, through the continuous line of 
greatest elevation (the waUirslied), are generally to the north even of these 
slates. North of the Simla region, corresponding w ith the termination 
of the Lower Himalayan area, this main gneissie range divides into 
three, two of whieli come to an end well within the Iliuudayau limits ; 
the third probably does so too, but it has not been traced so far. 



Extra-Peninsular.] THE HUNDES-zanskar SYNCLINAL. 


625 


The Ladak axis. — The second gneissic axis runs parallel to 
the first, at a distance of 50 to 80 miles. It has only been observed 
with any accuracy in Ladak, where it forms a steady ran.^e of moderate 
elevation, separating the Indus from its tributary, the Shaiok (Shy ok), 
a.nd the Pangkon^Jlake. The continuation of this gneiss to the north-west 
would run high up on the south flank, if not to the crest, of the great 
Mustagh range in Baltistan, or Little Tibet. To the south-east the 
Ladak gneiss passes, on both sides of the Indus, through Rupshu into 
Chinese Tibet. This delineation includes the Rupshu melamorphics 
with those of the Ladak range, as they are only separated by the 
nummulitie trough and the tertiary axis of eriiydion of the Indus valley. 
Their possible, or even probable, distinction will be indicated further on. 

The few names that have been current for the leading features 
of ibeso mountains are often very inappropriate even for geogra])hical 
pur])oses; and for geological descrij)tion, they arc altogether inadeejuate. 
Indeed the familiar remark, denoting the close connexion betweem surface 
features and the rocks, has a partial lithological aj)]>lication, rather than a 
geological one ; for in the latter sense the idea would often be riulically 
deceptive, as in the case before us : this gneiss of Liidak is geologically 
an axis of elevation; but although more steady in its course, it is less 
elevated than the mountains formed of much newer rocks on either side 
of it; it coincides in part with the actual valley of the Upper Indus. 
We will avoid confusion with geographical names by calling it the 
Ladak gneissic axis. 

The Hundes and Zanskar synclinal.— Between these two 
gneissic axes there is a long synclinal basin in which the fossil ifero us 
rocks arc found in more or less complete sequence, according to original 
variations of dey)osition and the subsequent action of denudation. This 
feature is not, however, unbroken from end to end of the known 
ground; at long intervals the basin is more or less completely con- 
stricted or interrupted by transverse upheaval and metamorphism of the 
rocks. A principal break of this kind occurs where the Sutlej bends 
southwards at the Purgial mountain, which separates the Ilundes area 
from that to the north-west, the secondary formations at least btung com- 
pleU.'ly interru])ted. It was in this north-western area that Dr. Stolic'zka 
studied the rocks, principally in the Spiti valley, at the south-east extrem- 
ity of the basin, for which an apju'opriate name may he tiiken from the 
larger and more central district of Zanskar. The length of the basin 
is about 200 mihis, ending abruptly east of the Dras river iu a trans- 
verse mass of syenitic metauioi-phic rocks. The valleys of i\stor and 
Gilgit, between which places the Indus has a north and south course, are 
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on the prolongation of this synclinal axis of Zanskdr, beyond the crystal- 
line rocks forming the mountains round the Deosai plateau. Nothing 
definite is known regarding the extension of the sedimentary series to the 
east of Hundcs ; but it is presumable, as Dr. Hooker conjectured, that the 
unaltered rocks observed by him north of the great gneissic range in 
Sikkim are more or less a continuation of those in a similar position 
in the North-Western Himalayas. 

The Karakoram synclinal and Kuenlun axis. — North of the 
Ladak gneissic axis the same sedimentary series comes in again in force, 
but in this direction some of the upper groups of the series have not yet 
been identified. This area also is a broad synclinal basin, the newest 
rocks being found in the centre of it, in the Karakoram ridge, and the 
older formations rise again to the north against; a third gneissic axis, 
forming the core of the Kuenlun range. The direction of this range 
seems to be more east and west than that of the Himalayan ranges 
proper; so that, if the gneissic axes continued to the west, the 
sedimentary basin of the Karakoram would soon be cut o£E in that 
direction ; while to the east it expands rapidly. 

The Kashmir sjmclinal. — South of the Zanskar basin, and be- 
tween the diverging prolongations of the gneiss of the main Himalayan 
range, there is a minor synclinal basin of unaltered rocks, that of 
Kashmir and Paiigi, divided by a transverse mass of metamorjdiic strata. 

Position of the tertiary formations. — The one great exception 
to the general struotiiral symmetry of the Himalayan formations is the 
distribution of the tertiary rocks. The numinulitic d(jposits arc not found 
in the middle of the synclinal basins, in sequence with the upper 
secondary d(‘posits : they seem, on the contrary, to be as far as possiljlc 
out of connexion with the general sedimentary scries, occupying, as th(^y 
do, a. long trough in the Indus valley, in or adjoining the iiKitarnorphic 
rotdvs of the Ladak gneissic axis. This feature is so very mark(jd, as laid 
down for 200 miles, between Hanle and Kargil, by Dr. Stoliezka (who 
identilied numimiliiie rocks in no other ])osition), and the significaiiee of 
the birtiary rocks in tlu* history of the inomitains is so great, that special 
interest attaches to ohs(*rvations on this formation. 

Gneiss of two ages.— It was fully shown by Dr. stoliezka that the 
metMmor]>hie rocks of the Himalayas ai*c exbuisi vedy formed of converted 
paheozoi(5 lorinatioiis, in eontiniKuis relation with unaltered I’ocks of the 
same ])eriod. Th(i whole of tlie gneissic axis in Ladtik is considered to bo 
so constituted. .Llsewhere, unaltered ]ow(‘r pahcozoic strata of gr(jat 
tlnckuess are found in abrupt contact, at thcii* bas(^, with gmdssic 
rocks. Iwo sections of this kind are recorded ; both are in the main 
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Himalayan range, and on the confines of the area described as the Lower 
Himalayas. The descriptions of the contact are not very precise, but 
there can be little doubt that the slates were deposited upon a floor of 
gneiss. In Hundes General Strachey describes and figures some 2,000 
feet of infra-si] urian azoic slates overlying the crystalline schists in im- 
mediate?, parallel succession, with a band of coarse conglomerate at or 
near the junction.^ The granite of the adjoining axis of intrusion 
penetrates these slates for a short distance, without producing any great 
alteration. In the corresponding section described by Dr. Stoliezka 
on the Bhabeh pass, at the south-east corner of the Zanskdr basin in 
Spiti, a similar relation was observed. The actual contact was concealed 
by snow ; but the lower rocks maintained their gneissic character to the 
i^p, and the nearest outcrops to them were of grey slates and sandstones, 
the lowest beds of a long series of lower silurian strata, quite unaffected 
by crystalline metamorphism. The latter are probably the same as the 
infra-silurian beds of Hundes. The dip is somewhat higher in the gneiss 
than in the slates, suggesting some unconformity or faulting at the con- 
tact; but this is not certain, as the observations were some distance apart. 
Transitional metamorphism is, however, out of the question. 

The central gneiss. — We thus have an important fact established, 
that of an older and a newer gneiss, the difference in age between them 
being necessarily very great ; so that the distinction of the two is a 
point of much impontanco in the geology of the mountain region. It 
was, no doubt, partly to mark this distinction of age, that Dr. Stoliezka 
gave the name central to the gneiss of the main Himalayan axis. The 
term is certainly ambiguous, and we have already ( p. 597 ) pointed out 
one important correction in the extension given to it by Dr. Stoliezka; 
but it may as well be retained, not in the sense of axialy but simply as 
denoting the fundamental formation of the Himalayan rock-series. 

Mineral character. — It is unfortunate that so imj^ortant a distinc- 
tion dc^pends for detection upon such uncertain criterions as the 
mineral constitution of metamorpliic rocks, and characters so generally 
obscured as those of contact-relations. The central gueiss is normally 
composed of white quartz with white felspar (orthoclasc or all)ite), which 
often forms large crystals, in the more massive varieties of the rock ; 
and the basic mineral is mica (biotitc or muscovite), often abundant in 
the more schistose varieties. Tlic rock of tiio Ladak gneissic axis is, 
on the contrary, chiefly syenii lc. This cannot, however, be taken as a 
sure criterion ; for elsewhere the silurian slates are found converted 
into ordinary gneiss. 

» Q. J. G. S., VII, p. 302. 
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Stratigraphical relation. — The stratig^raphical relation is also of 
most uncertain application. It is evident that if a later metamorphism 
had converted the slates of the Niti or the Bhabeh sections, where the 
two series are in parallel succession, into gneissic schists, the great 
distiniition betrayed by the actual relations (perhaps the greatest in the 
whole sequence of formations) would have been altogether obscured, and 
the whole would appear as one continuous metamorphic scries, lliis is 
precisely the difficulty encountxjred in attempting to follow out the central 
gneiss to the north-west, in immediate continuation of the mam 
Himalayan axis ; and the same impediment would of course render it 
still more difficult to detect the older gneiss in a detached area, sur- 
rounded by a later gneiss, as in the Ladak axis, or elsewhere. Even along 
the south boundary of the central gneiss, in the Lower Himalayan area, 
where there is great unconformity between the gneiss and the slate 
series (as that unconformity does not involve oblique discordance of stra- 
tification), it has been a matter of great difficulty to detect the distribution 
of the two series, and almost impossible to delineate their separation with 
any accuracy ; the originally highly contrasting conditions of the rocks 
having been so disguised by the subsequent metamorphism of the newer 
series, especially near the contact of the two. 

Relations defined only in the middle Himalayas. — The very 
striking contrast of the relations between the central gneiss and 
the slate series, on the north and on the south, would be a remarkable 
fact, if it should be confirmed by more extended observations that, 
.ns is believed, the two slate series are identical. On the north 
there is quasi -conformity of superposition, while on the south, as we 
have seen (p. 601 ), the newer series overlaps and abuts against denuded 
masses of the older.* From this latter relation it was shewn that 
the central gneiss must have formed a primitive ridge, to some extent 
corresj)onding in position with the Lower Himalayan area. In spite 
of the contrasting stratigraphy, the northern sections confirm this 
impression, in that they shew, what was not demonstrable on the south, 
how'cver apparently probable, that the gneiss underwent its meta- 
morphism in pre-silurian times ; and further, it can so far be stated 
that the evidence for this condition is limited to the confines of the 
Lower Himalayan area, or a middle Himalayan position with reference 
to the whole mountain range ; everywhere else, in Zanskar, Paiigi, and 
the Pir Pan jal, the slates become schistose, and are more or less transitional 
with the underlying gneiss; or, in other words, the slates along the 

* It sliuuld be rccollocletl tliat tbc nearest uiiterojis exhibiting this contrast are 30 
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northern border of the Lower Himalayan area have not been subjected 
to the mctamorphic action which they have undergone more or less 
generally in other parts of the mountains : a fact that would be 
most naturally explained by these slates never having been so depressed, 
or subjected to so great crushing, whereby the silurian rocks of the 
Ladak axis and elsewhere were converted into gneiss. Thus, from the 
side of the Central Himalayas, in the north, we find confirmation of 
the evidence brought forward from the tertiary rocks on the south, and 
from the rock-structure of the Lower Himalayas themselves, that this 
latter area holds a peculiar, and more or less neutral or independent, posi- 
tion in the Himalayan system. 

Although not fully identified out of the Lower Himalayan area, no- 
thing is more likely than that the central gneiss should occur elsewhere ; 
and it has been recognised with much probability in several positions 
in the divided north-western ranges on the continuation of the main 
range. Dr. Stoliezka thought he recognised the same rock well to 
the north of the main range near Changrizing, east of the Para river, at 
the base of the great Purgial mountain, which separates the basin of 
Zanskar from that of Hundes. 

The granitic axis. — There is no more unique or debatable feature 
in the Himalayas than the granitic axis, so persistent along the main 
range. To the east in Sikkim, and in the north-west, from the frontier 
oE Nepal to Kulu, wherever examined, coarse white granite has been 
found in profusion along the line of [)eaks, near the present edge of the 
sedimentary basin of Tibet. It occurs in veins and dykes of every 
size, sometimes forming the massive core, up to the summit, of the 
highest mountains. 

The width of the band of intrusion seldom exceeds 25 miles, and 
is generally much less. The rock dies out completely to the west, being 
only very feebly represented at the Baralacha pass, the most distant 
point at which it has been observed in the ranges beyond the Lower 
Ilimalayan area, with which again this j>eculiar feature is nearly coter- 
minous. 

This granite is pre-eminently the axial rock of the main Himalayan 
range, as a geogra])hical feature ; and this fact, perhaps, was partly the 
reason why tlie name central was given to the gneiss in which it occurs, 
with the imjdied suggestion that this gneiss had been upraised with the 
granite ; for the contiguous gneiss to the south was regarded by Dr. 
Stoliezka as distinct. This view has, however, been shewn to be untenable 
(p. 597) ; and it is very open to question whether, in any proper 
geological sense, this line of eruptive rock can be considered an axis 
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{locus) of olcvaiion. The supposition would be ineomj)atible with the 
inferences already drawn from the eireumstanccs of the sedimentary 
rocks on both sides of the central gneiss of the Lower Himalayas, 
shewing absolutely (if correct) that the slate series had never been 
continuous across that area. It is more likely that the granite marks a 
marginal line of irruption, with reference to the main area of deposition 
from which the Central Asian plateau was to arise. Prom general con- 
siderations on the drainage system it wdll be suggested that the crest of 
the Hiinalayaii elevation lay far to the north of the present main range. 
General Strachoy describes the granite as penetrating the slates, and the 
same authority is quoted by Dr. Stoliczka^ for its reaching the secondary 
formations. It can scarcely be of later date. 

Terminal extensions of the central gneiss. — The distinction of 
middle and terminal characters is nowdjcrc more marked than in the main 
Himalayan mnge, which may, in fact, as a geological feature, be said 
to end with the Lower llimalayau area. Jleyond this, to the north-west, 
there are three inde])endont ranges with gneissic axes, all connec'ted with 
Ihe central gneiss, and each having some pretension to be considered the 
continuation of the main range of the middle Himalayas. 

The Zanskar gneissic range.— Immediately north of the Sutlej, 
and west of the llhabeh seethui described by Dr. Stoliezka, there is a great 
nucleus, or stratigraphieal node, of high mountains, ranging to '2 1,77 
f(‘et in (elevation, in Waziri Rupi, a district of Kulu. The mass lies for the 
most part to the north of the prolongation of the main chain. In fact, 
from the Sutlej, at about the Bhubelipa.ss, there is a rather abrupt ebaiige 
of about 25° in ilie strike of the Central Ilimalayan axes, on op|)osite sides 
of the Purgial transverse ridge. The strike of the 11 undos hasiii, and of 
the main gmussie range south of it, is about west-35®-north ; while 
that of the Zanskar ])asiri, and of the gneissic range outside it, is wcst-6U°- 
north. The Zoji-La from Kashmir, and the Baralacha from Lahul, are 
the best knowm j)assos in this latter range ; and the name of the latter 
pass has been sometimes apj died to the range itself; l)ut it is better to use 
a term of greater original extension, such as that of the central district 
of Zanskar. Several of ibc peaks rangt; above 20,000 feet in elevation. 

Por many reasons, geological as well as geograjdiieal, the Zanskar 
range lias a right to he considered the principal continuation of the 
Ilimalayan chain. In its centre, south-west of Zanskar, for a width of 
nearly 50 milc.s, it is formed entirely of gneiss; but this rock rapidly 
contracts to the north-west, and dies out altogether before rcaebiiig tlie 
Zi.>ji-La, where the sedimentary formations roll over from Tibet into 
‘ Mem. G. S. 1.. Vul. V, p. 12. 
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Kashmir, and form the mountains on the north side of the valley, at 
a eonsiderably lower elevation than the g^neiss-formed peaks of the 
range in Zanskar. Here, then, we have a complete terminal occultation 
of the gneissie axis, in the principal north-western representative of the 
Himalayan range.* The width of the gneiss contracts also very much on 
the south-east: Dr. Stoliezka observed a band, only 6 miles wide, 
of what he took to be the central gneiss, low on the south side of the 
Bilralaciha pass. It will, however, be shewn that the gneiss .of Zanskar 
is, to some extent at least, a newer rock, formed of converted palieozoic 
strata. 

The Pir Panjal gneissic chain. — If the question of representa- 
tive ranges were to be settled by the continuous line of greatest elevation, 
the Zanskar range would have to cede its claim ; for the col or gap 
(the Kunzum pass, on slates, at 14,931 feet), eoniiectiiig it wiili the 
gneissic mass of Rupi, is lower than the Hotang j)ass (on gneiss, at 15,iJ()6 
feet), dividing the mountains of Rupi from those of Bara-Bliagal and 
Bannaur, which range to above 20,000 feet. It is still unsettled 
wbetber the slates of tlic Kunzum 2 )ass are not continuous with those 
immediately north of the Hnmta and llotaiig passes, so as to cut off the 
gneissic mass of Zanskar. Dr. Stoliezka notes also the characteristic 
of albite granite in the gneiss of the IlaTnta pass.^^ 

This Ilotaiig ridge at the head of the Kulu, or upper Bias, valley is 
certainly the most direct continuation of the mountains of Rupi ; and on 
this line we find the greatest jirolongation of gneissic rock, through 
Barmaur, Chamba, Badrawah, and Kistwar, to the Pir Panjal, bounding 
the Kashmir valley on the south-west. The crest of this chain is more 
irregular than those we have hitherto spoken of, and this irregularity has 
always (;auscd a. difficulty in finding a name for it. It is perhaps best to 
extend the well-known name of Pir Panjal to the whole of it. Even in 
the Pir Panjtil proper, the ridge is very irregular, and the gneiss is not 
continuous throughout ; but in this hrokeii fashion the rock continues 
across the Jhelum to beyond Kashmir, wliere its mode of termination 
in the Kislienganga valley is not known ; but it probably docs terminate 
there. 

* To the great disappointmont of geologists, all mention of the rocks seems to have 
been carefully exeluded by that uccoinjdishiKl observer Mr. Drew from his most interesting 
work on the .lummoo and 'viishmir Tenitories. One of tlie very few remarks that have 
escaped him records (p. 378) the occurrence of inonntaius of grey granite on each side of 
Stakin La defile, and something less than 2,000 feet above it, between the Ilurzil branch of 
the Kisheiigaiiga valley and the head waters of the Shingo river. The locality would he 
nearly on the prolongation of the Zanskar axis, hut it probably belongs to a local focus of 
disturbance in Little Tibet. 
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In this chain also, according^ to the few observations on record, the 
relation of the gneiss to the slates is not of so decided a character as 
in the Lower Himalayan region. There is generally more or less of 
transition, and it is difficult to make sure whether we have to deal with 
the older or the newer gneiss. The abrupt manner in which the semi-de- 
tached gneissic masses are intercepted by schists and slates is especially 
hard to reconcile with other structural features of the sections, as will be 
indicated in. connection with the slate series ; but the arrangement of 
these quasi-contimious masses, independent of an approximately axial 
position — and there are some, such as the Kund Kaplas mountain in 
Badravvah, which cannot pretend to belong to the Pir Pan jal chain — 
is suggestive that the relations of the slates to the gneiss here may be 
the result, in a minor degree, of an original relation like that described 
on the south side of the Lower Himalayas in the Simla region, where 
the slate scries was shewn to have been deposited amongst steeply eroded 
masses of the central gneiss (p. 605). 

There is, however, one remarkable observation by Mr. Lydckkcr ^ in 
the slates of the Pangi basin, in the upper China!) valley, sej)arating 
the Zanskar range from the almost equally high mountains of the Pir 
Pan jal in Chamba, shewing that at the time of the deposition of these 
slates the central gneiss was undergoing extensive erosion at no great 
distance. In the midst of the black slates, throughout a thickness of some 
2,000 feet, large blocks of granitoid gneiss, either anguhir or water- worn, 
arc scattered in great numbers. Tliey are well seen about the village of 
Salgraun (25 miles above Kilar). Some were measured as much as three 
and a half feet in diameter,* and being embedded in fine slate, it seems 
necessary to suppose that they were in some manner erratics, i. e,, trans- 
ported by some form of flotation or suspension, distinct from the ordinary 
denuding agencies of water and gravitation only. 

The Dhauladhar gneissic range. — There is one other gneissic ridge 
that might be considered the legitimate representative of the Himalayan 
axis proper, as being most nearly on its prolongation, in its normal 
direction. The Dhauladhar is remarkably well defined as a geological axis, 
although at the very edge of the mountain area, overhanging the tertiary 
zone in the Kangra valley, and separating this zone from the basin 
of slates in the upper Ilavi valley, which, again, divides the Dhauladhar 
from the Pir Pan jal range in Barmaur. The Kulu valley, which is 
the upper valley of the Bias, running due south from the Rotang pass, 
completely cuts off the Dhauladhar from direct continuity with the moun- 
tains of Rupi ; but the connexion is maintained at a very high level, from 


i line. G. S. I., XI, p. 54. 
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the Rotang pass throug^h the mountains of Bara Baghdl^ separating 
the head waters of the Bias and the Ravi. There seems little doubt that 
the gneiss of the Dhauladhar is to some extent, if not altogether, 
the central gneiss ; but it ends completely and abruptly at Dalhousie, 
where the Ravi turns round it, at right angles to its course within the 
mountains. This is a conspicuous instance of the feature already men- 
tioned as so difficult of explanation, and upon which some detailed 
pbservations are very much needed. 

The newer gneiss, — In preceding paragraphs frequent mention has 
been made of the newer gneiss ; of its special (syenitic) mineral characters 
where the lower paheozoic formations have been metamorphosed on a 
large scale, as in the Ladak axis, and of its more ordinary condition where 
mineralised in connexion with the old gneiss in its extensions to the north- 
west. Any further mention of the newer gneiss will be made in tracing 
the general distribution of the pal®ozoic rocks themselves. 

The chief sedimentary basins. — The skeleton of the mountain 
structure delincat;cd in the foregoing jjaragraphs, shewing the position 
and nature of the gneissic axes, will help to elucidate the distribution 
of the fossiliferous formations, and will suggest at once the conveni- 
ence of dividing the description according to the great areas, more or less 
separated, in which these rocks are now found : the two central basins of 
Zanskar and Hundes or Ngari-Khorsum ; the northern basin of the 
Kariikoram ; and the southern area of Kashmir and Pangi. 

In sj)eaking of these areas as basins of sedimentary rocks, we do not, 
of course, mean basins of deposition, but simply stratigraphical basins. 
They arc certainly now basins of disturbance, great synclinal troughs ; 
but it is a leading i)oint of inquiry, — to what extent in any of the 
successive formations, if at all, the areas of deposition corresponded with 
those areas of present relative depression of the rocks ? The available 
observations are much too cursory and scattered to support a definite 
opinion upon this point ; but if we might extend to this ground the in- 
ference arrived at in the other Himalayan regions, that the paheozoic rocks 
had undergone no contortion prior to the eocene period, we could not look 
for much agreement in detail between the actual results of disturbance and 
the original distribution of the pre-tertiary sedimentary series. Whatever 
may have been the circumstances which resulted in the striking discre- 
pancy between the rock-series of the Central and the Southern Himalayan 
areas, whereby all the secondary formations, or at least all the middle 
and upper groups of that period, were excluded or removed from the 
southern area, it might seem fair to siippose that the great contortions 
and dislocations affecting the southern region were more or less of syn- 
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elironous origin with the similar and connected features in the adjoining 
urea ; and, therefore, that the great axes of flexure which now dcJinc‘ the 
rock-basins of Tibet are of post-eocene origin. The very marked ap)>rox- 
imate conformity exhibited throughout the whole sedimentary seri(‘s iip 
to the cretaceous deposits, as represented in the sections of the Zanskar 
basin figured by Stoliezka, and the certainty that at the close of the 
cretaceous period some of the highest summits of Tibet were at the sea- 
level, would seem to support the view, that in this region also the begin- 
ning of special Himalayan disturbance was j)osterior to the eo(fcne ]Kn*iod. 

We must, however, beware of inferential assumptions, however plaus- 
ible. Enough has been seen in the Sub-Himalayan ground to warn us 
against placing much reliance upon conformity or unconformity, wit liiii 
very close proximity, in these mountain sections ; and the most marked 
stratigrapliical feature of Tibet — the complete severance of continuity 
between the eocene and the cretaceous dej)osits — implies great changes in 
the intervening time, and has a direct bearing upon the point at issue ; only 
we have no observations as to the full or special meaning of this feature. 
Eocene deposits of great thickness occupy a long trough in the silurian 
gneiss of the Ladak axis. No one has suggested that they were let down 
into this position by faulting ; so there must have been immense pre- 
tertiary denudation, with a corresponding rise of the Himalayan area. It 
is just possible that the original relation in Tibet may have been the same 
as that already shewn for the nummulitic beds in the Simla region, where 
they were laid down on deeply eroded, but as yet uncontorted, palaiozoie 
rocks. The fact that the pakeozoics of Tibet htid been previously converted 
into gneiss would not absolutely preclude this condition (for the central 
gneiss is the least disturbed of all the Himalayan formations), although 
certainly rendering it far from probable. 

The settlement of this question — the original relation of the nummulitic 
formation in Tibet — is a point of extreme interest in Himalayan geology. 
If it should be proved that that relation was the same in the Lower 
Himalayan area — that the immense pre-tertiary denudation of the Central 
Himalayan region had taken place previous to any great contortion of 
the strata there — we should have something like a demonstration of the 
HeBcfiumoiit theory of mountain formation : that the first stage in the 
process is of the nature of a great warp or deformation of the earth^s 
crust, the collapse {ecrasemeni) of which state of tension results in the 
flexures and dislocations which characterise every region of true mountains.^ 

^ Denoaumont’s theory of mountain formation is so commonly identified with his 
final Rpeeuhitions upon the (juestioii of direction, that it is necessary to point out that his 
preliiuiuary discussion of the conditions is independent of that elaborate development. 



The formations of the Zanskar area. — Dr. Stoliczka^s first 
work in Tibet (the only exploration of which he i)ublished any detailed 
observations^) was confined to the south-east end of the Zanskar area, in 
the Spiti and Para valleys, and through Ilupsliu (or Rvikshu) to the Indus. 
On his second trip he made several traverses of a much larger area, up to 
the north-west termination of the basin at Kargil ; but only brief route- 
notes were published/^ The Icngfli of the area is 200 miles, with a 
maximum width of 50 miles in Zanskar. The following detailed charac- 
ters of the rocks, and for the most part the fossils also, are taken from 
the former ground ; they will serve h)r general eomj^arison. The names 
also are taken from localities in Spiti and Kupslvu, where the several 
formations are well exposed. No groups were added from the examina- 
tion of the larger area to the north-west 

FOSSILIFJSHOZ^S SFRIFS OF THE ZAKSKAB AREA. 


MESOZOIC : 


(«) CiiiKKiM SHALES (Cretaceous), — Dark grey, marly, earthy shales. Thickness, 
200 feet. No fossils ; considered to be closely related to tlie limestone. 


(^) 

% 

JRotc 



'Cretaceous), — White, or grey on fresh fracture : when 
es a strong bituminous odour when struck. Thick- 


Textilaria, 2 sp. 
Saplophragmium, sp, 
Cristellaria, sp. 


(/) Gieumal oANUStone (Upper Jurassic). — Light yellowish, silicious; darker and 
calcareous, fossiliferous ; soinetimcs a loose grit, and even coarsely conglo- 
meratic. Thickness, 600 feet; conformable to and intcrslratibed with k. 


Opis, sp. 

Anatina spiticnsis, 
A. sp. nov. 

J*ecten hifrons. 
Amusivm dcmissum, 
JAma, sp. 


Mytihis mpUloidca, 

Avicula echinata. 

Gyplicea, sp. 

Ostrea, sp., near O. gregaria, 
O, sp., near O. soicerbii. 


1 Mom. O. S. T., ITI, Vt. 2, p. 174; and Q. J. G. S., XXIV, p. 48. 

2 Mom. G. S. 1., V, 1865, pp. 1-154- 
Mom. G. S. 1., V, 18G(>, pp. 337-354. 
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(Ji‘) Spiti shales {Upper Blaxjk, crumbling sbalc, full of calcareous 

concretions, each generally containing a fossil. Thickness, 3t)() to 600 feet ; 


in Spiti they rest conformably on 

Helemnites can a1 icu latus, 

B. vlavatus. 

A nisoceras gerardianum, 

A mmomfes acucinctus. 

A. strigilis. 

A. macrocepIialusA 
A. octagonus, 

A. hyphasis. 

A, parMusoni, 

A. theodorU, 

A. sahineanus. 

A, spHlensis. 

A. ru7'irirosta, 

A. hra\lcv7U'ulgii. 

A. miutlis. 

A. JipariiR, 

A. tripUcatus, 

A. hip! ex. 

A . a la tuft.. 

Pleuroiomaria^ 2 sp. 
ffoinamya iihetlca. 


r, the lower Tagling limestone. 
Asia^'ie unilateralis. 

A. major, 

A. spit ien sis. 

A. hiemalis, 

Tngonia costata, 

Cyprina trigonalis, 

Nuetila cuneif'ormis. 

N, sp. 

Area {M acrodon) egertonianum, 
PI. XII, iig. 14. ’ 

Inoeeramus hookeri. 

LimUy sp., near L. rigida, 

Aueella hlairfordiana. 

A. legiminosUf PI. XII, fig. 15. 
Amnsium (conf. Pact on stolid us). 
Peclen lens, 

Osirea, sp. 

Mhyneonella va^dans. 

Terehrafyfila sp. 

Salon ia ? sp. 


(i) Shalt slates Brown or black ; full of broken shells. Thickness, 

50 feet ; very local ; probably belong to k, 

Pelemnites, sp. | Posidonomya ornata. 

{ h ) Upper Tagling (X/a-v). — Dark, earthy, bituminous; only described north of 
Spiti. Thickness, nearly 1,000 feet ; difficult to distinguish from g. 


Jielemnitcs^ sp. 

Ammomtes (conf. macroce- 
phalus). 

Nerinea (conf. N. goodhalii). 
Acteonhia (conf. A. cineta). 
Eucyelu^ (Amherl€ya)f sp. 
Troehus latilahrus. 


Trocluis epulus. 

T. attenuatus. 

Chemrdtzia undulata. 

Neritopsis (conf. N. elegantissima). 
Modiola, sp. (resembling Mylilus 
suhrenifo rmis) . 

Tcrehratula sin ernuri ensis. 


g) Taoling limestone (Power TAas or Mheetic ). — Dark grey, brown or black, 
sandy or earthy, ofUm oolitic and bituminous, sometimes a shell-limestone ; 
weathers light brown, rusty. Thickness, more than 1 ,000 feet; locally un- 
coiiibrinable on e. 


Belemnites hudhaicus, 

B. hisuleutus. 

B. tibetieus. 

Ammonites (conf. A.germanii).\ 
A., sp. (conf. A, macroce- 
phalus). 


Nerinea^ sp. (near 'N. goodhalii), 
Chemnitzia (conf. C. coarctata), 

C., sp. (near C. phidias). 

Naiica (conf. N. pelops). 

Nerita., sp., nov. 

Bentalium, sp. (near B. giganteum). 


* According to Dr. Waagen, Pahcontologia Indica, Scr. IX, 3, p. 237, foot-note, this and 
several other species are not identical with the European fossil forms to which they were 
referred by Dr, Stoliezka. 
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Area {Macrodon), sp. (appar- 
onily A. lycctti). 

Gtrvillia, up. (near G. olifex). 

A ricula inatquivalvis. 

A . punctata. 

. .Lima densicostata. 

Perten (conf. P. palosus). 

P. moniliyer, 

P. aahal. 

P. hifronx. 

P, valoniensis. 

Amusiunit sp. 

(/) Paea. limestone (Rlimtic or Tipper 
iniiious, often earthy. Thickness, 
Spili. 

Pieerorardium himalayense^ I 

PI. II, fig 7. I 


Ostrea (conf. 0. acuminata). 

O. (conf. 0. anomala). 

Rhynconella ohtusifrons. 

R. pedata. 

R. Jisx icon fata. 

R. austriaca. 

R. variabilis. 

R. ringens. 

Ter ehr alula gregaria, 

T. pyriformis. 

T. punciaia. 

T.' ( Waldheimia) schafhtputli. 

Trias).- Black, doloniitic, slrongl}' bitu- 
700 feet; only found on north side of 

Megalodon iriqueier^ 
ih. II, fig. 8. 


(^) 


Lila NO seeies* (Tipper or Middle Trias ). — Dark limestone, calcareous slates 
and shales ; limestone compact or finely oolitic ; lower beds qiiasi-concre- 


tionai'y. Tliickness, 1,(X)0 to 2,0(K) feet; locally nnconl'oriuable on d. 


OrUmceras, sp. 

O. salinarium. 

O. laii septum. 

O. dahlum. 

Nautilus spillensis. 
Clydoniles oldhamianus ^ P 
il, fig. 4. 

C. hauerinus. 

Ammonites Jloridus, PI. II, 
fig. 1. 

A . jollyanus. 

A. hhanikofi. 

A. gaytani. 

A. dijjlssus, PI. II, fig. 3. 

A. ausseanus. 

A. gerardi. 

A. medlcyanus. 

A. stndcri. 

A. thuilUvrL PI. II, fig. 2. 
A. malletianus. 

A. hatteni. 


Plevrotomaria (conf. P. huchi). 

P. sterilis. 

Pisrukelix, sp. 

Myoeoncli » lomhardica. 

Lima (conf. L. ramsaueri). 

X., .sp., nov. 

Monotis salinaria^ PI. II, fig. 6. 
JIalohia lommelL PI. II, tig. 5. 
IVaidhelmia, sUppan ii. 

A thyrls strohmeyeri. 

A . deslongcha m psi. 

Rltyuronella mutahilis* 

R. theohaldiana. 

R. salteriana. 

R. retroeita var, augusta. 

Spiri/er, sp. n. 

S. (Spiriferina) (conf. S. fragilis). 

S. (Spiriferina) slracheyi^ PI. II, fig.. 9» 
S. (Spiriferina) lilangensis, 

S. spitiensis. 

Encrinus cassianus. 


* The following triassic and rbaetic fossils are figured on Plato II ; — 

Pig. 1. .4mmonilesJlori(1m Pig. 6. MonoUs saUnaria -L 

„ 2. A. (CcratUes) thuillieri • „ 7. Picerocardium hinialayense L 

„ 3. A. diffisus, „ 8. Megalodon triqueter i. 

„ 4. Clydoniles oldhamlaniis. „ 9. Spirifer stracheyi, 

„ 5. Halobia lummelL 
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PALJJOZOTC : 

(</) Kulino semes (Carhoniferons ). — ^Palo quartzites (fossiliferous) generally at 
base, but alternating with brown shales ; the latter are often carbonaceous 
and calcareous, passing into dark limestone. Tliickncss, 100 to 400 feet ; 
junction with (e) conformable, obscure. 


OrthoceraSf sp. 

Avimloperten^ sp, . 
Cardiomorpha, sp. 

Avicula, sp. 

Prodiictus purdoni, PL I, 
fig. 10. 


P. semiretiaulatus, PI. I, fig. 8. 

P. longiapinua. 

Spirifer moosajchailensisf PL I, fig. 2. 
8. keilhavii, PL 1, fig. 1, 

8. fiheticus, 

S, altivagus. 


(c) Muth seeies (Upper 8ilurian ) — 

White quartzite, often speckled ; no fossils. Thickness, 200 to 300 feet. 

2. Pah^ sandy and silicious limestone, purer beds dark ; weathering brown ; fos- 
siliferous. Thickness, 3^X) to 400 feet. 

1. Purple sandstone, slaty partings ; conglomeratic ; no fossils. Thickness, 5(K) 
to fiOO feet ; conformable to slightly alternating. 


Tenia ev litas f sp. 
Strophomena, sp. 

Orthis, sp. (near O. thakil, var. 
striatocostata, and var. cow- 
va.ra), 

OrlhiSf sp. (near 0. compta). 


OMis\ sp. (near O. tlhetira). 
O., sp. ((u)nf. O. resuphiata), 
Crinoid stems. 

Cpathopdnjlltim, 2 sp. 
8yringopora, sp. 


(7j) BTTATiEH SERIES (Loioer Sllmnan ) — 
y. Greenish and bluish sandstones sometimes micaceous, often laminabul ; also 
thicrklj’^ bedded, ocjcasional slaty and calcareous beds, fossiliferous. Thick- 
ness not stated, hut represented in the section as equal to 2 or 1. 

2. Grey, white and pinkish, speckled sandstone or quartzile, with occasional 
calcareous beds, doloniitic and cavernous (llaui:hwake), fossiliferous. Thick- 
ness not staled ; figured as much as No. 1. 

1. Bluish and greenish gi'ey slates (some micaceous) and sandstones; no fossils. 
Thickness, 3,(K)() feet. 

Ort/iiSf sp. ? 1 Climtcics yalc. 

Palaeozoic series. — A Lirg’e part of Stoliczka^s Memoir is g-iven 
to tlie description and discussion of the fossils, a complete list of which has 
been given ahov'^c ; besides this there is not much matter for discussion, 
and it would he too tedious without a full-seido map to truce the? formations 
severally wheriwcr they have been observed. It will be more suitable 
here to take them up in sen(?s, and to indicate the conditions they exhibit 
at different points of the area. This sketch possesses the adva-ntage^ 
so rarely experienced in Indian formations, that the stratigraphical 
identitiealions were made upon the basis of paheontologieal evidence. 
The pabeozoic series^ as given in the above list, is, of course, only illustra- 
tive, not in any sense a standard ; even here, in several of the groups. 
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much variation is noticed. The observations were taken at the south- 
eastern extremity, where the Zdnskar basin approaches nearest to the 
Lower Himalayan area, and where the strata exhibit a minimum 
of alteration. It is only in this portion of the area, within the Spiti 
basin, which drains into the Sutlej, and has undergone the greatest 
erosion, that the upper palaiozoic rocks are freely exposed, away from the 
edge of the basin. In Spiti the Kuling scries is very frequently found 
at the bottom of the deepest valleys, underlying the secondary formations 
of the adjacent mountains. In the more elevated ground of Ztinskar 
it has been noticed only in a few localities in this position, as in the 
Tzaraj) valley. There is no mention of the silurian rocks being exposed, 
except along the marginal outcrops. 

South-west boundary. — To the north-west of Spiti the palaeozoic 
scries is still recognisable at the Baralacha pass. The rocks imme- 
diately above the central gneiss are like those of the Bhiibeh section ; and 
fossils wer(j found at a low horizon in the silurians. The next section is 
on tlic Zanskar river, near Padam, where the boundary between the two 
series is not fixed, within broad limits ; and from this to the westward, 
along the flank of the Zanskar ridge to Sum (Sooroo), near the north-west 
end of the Zanskar basin, the metamoqdiism increases, and the whole 
pakeozoic series becomes gradually disguised. On the Sum section the 
metamorphics of tlui Zanskar range extend northwards to Sangra, near 
Kartsc? (Kurtse), where they are largely hond)lendie, and su})|)Osed to be 
uj)]X‘r silurian. Tl: ddoritic quartzites north of this are considered to be 
carboniferous, and they are in eonlact with the sycnitic rocks of Kargil, 
against which the sedinientary basin terminates on the north-west. 

South-east boundary. — Proceeding north-eastwards from the 
Bhiil)eh pass, we follow the south-east end of the Zanskar basin, as 
stopped out, against the central gneiss of Purgial. The details of this 
feature have uot been observed, Imi, as seen in the section of the S])iti 
river, only miles from Muth, some important changes are recorded. 
Fossils were found far down in the series, near Kuri and Shalkar. The 
gneiss is overlaid hy dark, ihiii-lnidded slates and sandstones, but ap- 
parently not iinmediatel}^ ; for the chief contrast between tliis and the 
Blial)eb section is stated to be that the lower strata, on the Spiti are more 
alUu-ed, in a lew ])laces truly metamorpbic, and that the higher beds are 
mor(i slaty. But the most peculiar diflVrnicc is the appearance of intcr- 
beddod greenstone tlirouglioni the whole series, from the gneiss up to the 
carhouiferous rocks near Po (on the Spiti river) . The thickness of the 
deposits seems to be greater here, es])ecially of the carboniferous scries, 
if all the brown shales at the top of the section belong to this formation. 
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The disturbance is not excessive ; it is looidly dese ' schists 

had been nplicaved in the form of a dome. i . . 

The Rupshu metamorphics. — The next seci? to tlie 

north, in the upper valley of the Para river, wher ^' eoiiditions of the 
north-east boundary are fully eslablishcd. The fiA’st efFects of metiimor- 
phism are noticed in tbe triassic rocks; but the gv^-eenisb quartzites and 
slates beneath them arc still recognisable as of tUic Kuling series, and 
have yielded carboniferous fossils. Beneath the iLpiartzites and slat,es 
come chloritic and mica-schists, doubtless representaltive, if the observa- 
tions be correct, of the silurian rocks, but ditl*ering\ entirely from them 
in facies. The south-westerly dip continues remarkaV)ljr constant for 24 
miles across a vast thickness of these metamorjdiic ^ ^{.rata, a third of 
which would amply represent the known thickness of tljj(,j.iowcr j)alaiozoic 
series ; so that, unless there are undetected repetitions, thi nust be either 
great expansion of these formations, or we have here al?. unknown 

thickness of the old gneiss. This would seem l)y no means )robable ; for 
below some 10,000 feet of the mica-schists, at about tbci^/>vAiddle of tbe 
Moriri lake, there is a strong band of granitoid rock, unlike the 
central gneiss. It is underlaid by a great series of thin quai :ose schists, 
locally gneissosc, below which, at the Ki agar lake, is anot er mass of 
gneiss, characterised by large imperfect crystals of felspar andl much tour- 
maline. This gneiss is thin-bedded, and passes down again fcuto quartz- 
osc schists. At last, within six miles of the Indus, there is\a reverse 
(north-east) dip in these beds, and so they abut against (are^ traversed 
by) a great mass of basic igneous rock, forming a line of irruptivon along 
the Indus. c 

A passing reflection may be recorded on the absence, in the ini ^ra-car- 
boniferous rocks of Rupshu, of bedded greenstone, so abundant th,^i'ough- 
out the Silurians of the Spiti valley. The fact would be enough to a , lyaken 
doubt whether any of these metamorphics can be converted Silurians ; save 
that the total absence of those same rocks in the Bhabeh section r: ithcr 
suggests that they arc not truly contemporaneous in the Spiti grouii' d. 

The Rupshu metamorjdiics continue to the north-west, with a ^con- 


stantly diminishing width, the rnjissive gneiss being still in force? at 
Gya (36 miles south-south-cast of Leh), where it is described as having 
a large proportion of white quartz, but the mica is occasionally replace *(1 
by diallage. This is close to the axis of eruptive rock. \ 

North boundary with tertiary rocks.— Not far to the west thel. 
Rupshu metamorphics must*die out altogether ; for at the Zalung Karpo j 
])ass, 15 miles west of Gya, carbonaceous slates and limestones underlie) 
the Lilang (triassic) limestone, and are the only rocks seen from thisj 
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all down the Marcha valley to Skiu^ near the ZanskSr river^ where carbona- 
ceous limestone, full of crinoid stems, and presumably carboniferous, is in 
close proximity to the nummulitics. Silurian rocks were not distinguished 
in this section, but Stoli(?zka considers that they are probably present. 
The eruptive rock is not noticed in the section at Skiu. The next section 
is 30 miles west of the Zanskjir river, on the road from Drds to Leh. 
Here the slates, green and red shales and sandstones, between the serpen- 
tine of the Indus and Lamayuru, are recognised as of the llhabch series. 
They arc contorted, with a prevailing south-west high dip, and are over- 
laid by a few hundred feet of carbonaceous shales, which are spoken of 
as of the Mulh scries, and also as carboniferous.^ The rocks are spoken 
of as highly metamorphic-looking, and at the same time as not 
easily distinguished locally from the adjoining tertiary rocks. Farther 
on, w^cst of Kharbu, the tertiary rocks, both sedimentary or igneous, 
encroach still more; and about Shargol they are in ol)scure contacL with 
the triassic limestone. The next mention of the palaeozoic series is at 
16 miles to the west, where we have already seen them, much altered, in 
contact with the syenite of Kargil. 

^ Thus it appears that for about half its length, on the north, the 
'^^.inskar basin of paUeozoic and secondary rocks is now bounded by tcr- 
tiaiy formations. On the north-west these contiguous, but distinct, 
basins end together against the syenitic mass of Kargil ; but to the 
south-east the tertiary rocks pass continuously into the broad central area 
of metamorphic rocks, those of Rupshu on the south-west, and those of the 
Ladak range on the north-east. The latter will be noticed in connexion 
with the Karakoram area, wliere they are described in sequence with the 
fossiliferous rocks of that basin. 

The secondary series. — The series of secondaiy formations in the 
Zanskar area, recorded in the list at p. 635 amounts altogeihcr to a 
thickness of 8, ()()() to 9,()0() feet. From the structural condition of tlie 
area, shewing that it is proximately at least a basin of disturbance, the 
general distribution of the formations may be surmised ; and we liave 
already traced a eontiiiuoiis outcrop of the palaiozoic rocks round the 
edge of the basin, except on the north, wliere the structural symmetry is 
broken by the contact of an independent and much later basin of 
tertiary rocks. As there is general conformity throughout the entire 
sequence of formations, each is principally exposed along the external 
outcrop of its area, and then along the sides of the deeply eroded river 
gorges traversing the basin, where all the strata are variously afiEcctcd 

* Those observations arc taken from Stoliczka's notes, in the Scientific Results of the 
Second Y^kand Mission : Geology, pp. 13, 14: Calcutta, 1B7S. 
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by minor undulations and contortions. The j^^reat limestones of the 
Lilang* and Tagling groups are the most prominent rocks of the area ; 
while the later formations — ni)per jiirassic and cretaceous — are reduced to 
comparatively small patches in the centre of the basin^ in the hollows of 
local synclinals or as remnants on the tops of ridges. 

On the much more obscure question of the original distribution of 
these formations, there is very little to be said. It is important to record 
the few remarks on this point made by the observer himself, from whom 
these descriptions arc taken. In his reflections on his second yearis work 
Dr. Stoliezka remarks (/. p. 352) : Referring to the section near 

Muth, as far as I can see now, I believe that the carboniferous deposits here 
seem to close a grand geological epoch, and that in the main their 
deposits filled b^ily the interior of a large basin, which gradually and 
partially became dry land. The carboniferous rocks now appear spar- 
ingly dispersed in consequence of undulating contortions of the entire 
ground. Towards the west, e.specially in Kashmir and Little Tibet, the 
carboniferous rocks are, however, much more developed.^^ On the same 
page it is written, that “ after the close of the triassic group in the 
North-West Himalayas, great disturbances must have taken place ; large 
tracts of the country were raised, and never more covered by the sea, 
until partially in comparatively recent periods (eoexme), while in other 
places the regular succession of deposits took place. One of these was 
evidently the large northern Jurassic basin of the Himalayas.^^ Again, 
a little further {L c., p. 353) : The Juras.sic basin, which is so well 

developed in Spiti, and extends to North Kumaun, continues to retain 
the same north-western direction, with all the characteristic rock -forma- 
tions, until it becomes interrupted by tlie great granitic and syenitic 
mass of Litile Tibet. A partial interruption seems to have taken pla(*e 
after the close of the rhsetic deposits ; but whether the Jurassic basin 
has been fictually and totally interrupted here (that is, south of the 
Indus), or whether it has been only compelled to continue with its 
course towards the north or north-west in Gilgit and beyond the Mustagh 
range, subsc(iucnt inquiries must prove.^^ 

The particular observations upon which these impressions were based 
are not indicated ; and it must be said that from an independent study 
of the nicorded observations, such inferences could not be made, or even 
that a different interpretation is suggested. No facts are quoted shew- 
ing the great disturbance of the Lilang series indet>eiidently of the later 
formations, preparatory to the formation of the Jurassic basin. The 
lower Jurassic group, the Tagling limcjstono, appears in full force, forming 
the highest summits close to the edge of the basin, both on the north and 
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south ; and the original limitation of tho jurassic rocks anywhere neartliis 
seems to he purely conjectural. The only instances given, in the Para and 
upper Tagling limestones, o£ interpolation and thickening of strata have 
no n^ference to the actual basin ; they begin to the north of its centre, and 
ex])and towards its j)rescnt north margin. The only appearance of an 
original basin, corresponding with the actual one, is in the upper second- 
ary deposits — the Spiti and Chikkim groups ; and even for these the case 
is not very evident. The best case quoted is that at Muth, where the 
carboniferous (Killing) group seems to be regularly overlapped by the 
Lilang beds ; but this, like the two cases just mentioned, only points to 
a southern limitation of the Himalayan deposits. The greatest difficulty 
in the way of the latter supposition, as a general feature, is the great thick- 
ness of the Silurians in the Bhabeh section ; the only relief to it being the 
preponderance of sandstone in that position, contrasting with finer deposits 
elsewhere. On the whole, it is evident that the date of formation of 
the Zanskar basin is still an open question, within very uride limits. 

The tertiary series. — It is in connection with the Zanskar area 
and Dr. Stoliczka^s work that we have to notice the tertiary rocks of the 
Central Himalayas. Here, as in the Sub-IIiinalayan zone, their features 
and relations are of iirst importance in the mountain history. AVitli the 
exception of some almost unknown deposits (to be mentioned again), 
from which the Siwalik fossils brought from the Ilundes area must be 
derived, the tertiarics of Tibet are, so far as known, eocene, or, at least, 
iiummulitic. Dr. Stoliezka describes them as very similar to the corre- 
sponding deposits of the Sirmurareain the Simla region : soft and partly 
loos(i conglomerates, reddish and purple slates and marls, and greenish sand- 
stones, much like those on Dagshai hill and to the north of that station 
(/. 6*., p. 343). From these beds at Rainbag, close to the Indus, near Lcli, 
he procured Niunnmliles ramoiull and N, exponrm. In some of the 
lowest beds of the same group near Kargil, some fossils found by Mr. 
Drew are mentioned by Dr. Stoliezka as very like Melania^ and bivalves 
almost unmistakably belonging to Vkoladottiija or Pampma ” (L c., p. 348'' ; 
and he alludes to the beds again as^^a brackish and fresh water deposit.^ ^ ^ 
The thickness of these strata here is given as 5,000 feet {L c., p. 348). 

According to Dr. Stoliczka^s observations, these rocks extend from 
Kargil on the west, where tlicy end against the syenitic rocks of Baltistan, 
continuously along the Indus for more than 200 miles to beyond the 
eastern limits of liis exphu-ations. This long trough is seldom more than 
25 miles wide, and from end to end a line of eruptive rock accompanies 
the eocene strata, generally on the south side, but also in the midst of the 


Rec. G. S. I., VII, p. 13. 
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sedimentary rocks, as at the west end about Paskim. Varieties of the 
eruptive formation are described as epidotic rock, consisting of crystallised 
or granular masses of epidote, quartz, and albite ; also as diallage rock, 
serpentine, and gabbro. When Dr. Stoliezka first examined these tertiary 
rocks in Northern llupshu, the nuramulitics are there so indurated, consist- 
ing of green and red sandstones and slates, with a thickness of 3,000 to 
4,000 feet, that they were taken to be probably a palaeozoic series ; the 
eruptive rock also is in great force, being 1 5 miles wide at the Hanle 
river, and upon it Stoliezka remarked : From their dark colours, these 
rocks have sometimes been referred to the basalts, but they have certainly 
nothing to do with these more recent volcanic rocks {L c.y p. 128). 

On the north-east side this long compressed basin of tertiary rocks 
is bounded throughout by the syenitic metamorphic series of the Ladak 
axis ; on the south-west for half its length it is in contact with the 
Rupslm metamorphic^, which thin out gradually, and arc replaced to 
the north-west by the palaeozoic slates of the Zanskiir basin ; and far- 
ther on, the numraulitics reach to the Iriassi** outcrop within that basin. 
Although Dr. Stoliezka found no trace u£ numiniilitic rocks to the south 
of this very peculiar and well-dclliicd area, be seems to have acc.oj)ted 
without hesitation {L <?., p. 354), as of the same deposits. Dr. ThoiUwSOids 
discover}^ of uummiilitics on the Singhi pass (16,600 feet), on the route 
between Padain and Leh, in the centre of the Zanskar basin. Without 
presuming to question the possibility of this occurrence, upon so slight 
a knowledge of the geology of the region, the obvious importance of 
this observation suggests an examination of its authenticity. ^ 

1 This, of course, refers to tlie idea, prevalent among'st Geniian f^oolopfisis until reconlly, 
and still held by u large numher, that different igneous rocks are characteristic of parti- 
cular geological epochs. Sec foot-note, p, 302. 

2 J)r. U'honison’s record of the rocks on the Singhi La is as follows (“Western 
Himalayas and Tibet : ” 1802, p. 381) ; “ Quartz rock, slate, and limestone alternated during 
the ascent ; and near the summit of the pass the limestone evidently contained organic 
remains, perhaps coralline; though. their traces were not sulficiontly distinct to enable me 
to decide the point.” This observation does not at all suggest an outlying high-level 
remnant of newer rocks, like those of the Indus valley, but of well-indurated strata, 
forming the mass of the adjoining mountains. The identification of the fossils is re- 
corded at page 176 of the “ Description des Animaux Fossiles du CTroui)e Nummiilitiquc 
de ITnde,” by MM. D’Archiac and llaime, as follows: “Un calcaire gris bleulitre, 
compuctc, petri d^Alveolina meht, associ^e h une nummulitc rpii parait eire la N. ramondi, 
a etc observe cn phicc par le docteur Thomson, dans la chaine inline de rilinmlnyii, an 
passage ct au col de Singln La, lorsqu’il sc rendait de Zanskar a la vallec de ITndiis.” 
There is nothing to suggest doubt or di.screpancy in these records ; hut so great errors of 
locality amongst the fossils described in this work have been found out (st!e note, p. 631), 
that tlu:re is room for doubt, where there is anything to suggest it; and it appears desirable 
that the occurrence of nummulitic rocks on the Singhi Lti should be verified. 
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There are no detailed observations to shew the relation of the Indus 
nummulities to the contiguous rocks. The facies of the deposits is that 
of a local basin; and this seems to be the view taken of them by Dr. 
Stoliczka, at least at the western end ; he says ; I rather presume that 
these beds have been formed in a kind of narrow bay of the tertiary 
sea, which covered Northern and Eastern Tibet (p. 348). In his route- 
notes on his journey to Yarkand, in the same western area^ between 
Sharg*ol and Kharbu, he describes lumps and patches of the triassic 
limestone sticking out of the tertiary shales.^ 

It seems at least certain from the condition and position of the 
eocene rocks of the Indus, that vast denudation, and therefore dis- 
turl)ancc (fiuoad elevation), of the Himalayan area liad occurred in 
pre-tertiary tirr'^s. It rem*dris for future observation to shew how far 
the special disturbance of the older formations corresponds with that 
which the eocene rocks themseH-es have undergone. 

* i^cieiitific Results of ilic Sccuiiti IrunMiiu Mission: Gcologv, p. 13 : CuUnitta, 1878. 
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chaptee XXVII.. 

EXTKA-PENINSULAH AREA. 

CENTRAL (tIBETAN) HIMALAYAS— 

The Hinidcs or Nj;“uri-Khorsnm area — Stratiprrapliical series of Nili in Hiindos — Tlic 
terl/iary eriij)live rocks of iiiiiides — Tl»e sedimentary tertiary rot;ks of Hniides — 'I he 
Karakoram area — I'lie Ladak gr^eiss — The eastern section of the Kdrako?-am basin 
— The Karakoram section — Tlie Kueidun range — The Siiket pass section — The 
Yangi pass section — The Pamir section — The Kasliinir-Pangi area — Triassie rocks of 
Kashmir — Carboniferous rocks of Kashmir — Silurian rocks of Kashmir — The 
Paiigi basin — The Pir Pa njal Chain — One-sidedm‘ss of mountain strnetnre — Post- 
tertiary and recent formations — Sub-Himalayan high-level grav(‘ls — Glacial evidence 
in Tibet — TheHuiides lake-basin — Lingzhitliang and Knenlun lako-hasliis — Tso jMoriri 
and other basins — Alluvial deposits of Tih(‘t — ^*Tl»e Kashmir basin — The Nepal valh.y 
— Other hikes — Drainage lines. Summary. 

The Hundes or Ngari-Khorsum area.’— All hough wc eaiiTiot 
refer to tietual record of the observations, it is probable that the palajozoie 
series is continuous from theZauskar basin into that of the Ilundes ; it is 
coloured so on Cieneral Straebey^s map of the Hundes region, no doubt 
on good authority. It remains for future observation to shew whether 
thi^ mesozoic formations of tlie two areas were oi'iginally continuous or 
not ; at present they arc separated by the gnoissic mass of Purgijil, 
against which the Sutlej turns southwards, and which is now the north- 
western barrier of tin? ])reseiit basin of secondary rocks of the Hundes 
province. At 180 miles to the south-east of Purgial the grciat Gurla 
mountain (25,200 feet high), south of Manasaraur lakt?, stands right in 
the axis of the Hundes basin, and may be taken as its limit on this sidii ; 
although here, too, there is a hand of pakeozoic and mesozoic rocks passing 
partially to the south of it, up to the edge of the area ex])lored. Whetlier 
coutiniiously or not, it is fairly established that jurassic rocks occur far to 
the east on this strike, north of Nepal, characteristic ammonites having 
been brought by traders from that region. On General Strachey^s map 
the gneissic formations of both Purgial and Gurla are shewn to be in- 
trusively penetrated by granite; so we may accept them ju’ovisionally 
as formed of tlie central gneiss. 

* Csiptuiii lludiurd Stranhey, on iho Geology of part of the Himalaya Mountains and 
Tibet, Q. J. G. S., 1851, Vol. Vll, j). i:y2. 
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The g'encral aspect of the Hundes area must be very different from 
that of Zanskar. With the exception of a few small lake-basins, and 
occasional alluvial patches in the deep river-valleys, Zanskar is covered 
by lofty rngg;cd mountains, many rising above 19,000 feet, and holding 
considerable glaciers. The central area of the Hundes is occupied by a 
great S))read of diluvial deposits forming an extensive ])lateau, 120 miles 
in length and from 15 to 60 in breadth, at an elevation of from 14,000 
to 16,000 feet. It is intersected by great ravines, that of the Sutlej 
to the west being nearly 3,000 feet deep. 

Stratigraphical series of Niti in Hundes. — The numerous 
collection of fossils made by General Strachey was described by Messrs. 
Salter and H. F. Elanford, from whose work^ the subjoined lists are taken ; 
the petrological characters being collected from General Stracliey^s paper. 
In most cases the thicknesses are not estimated : — 

FOSSILIFBIiOUS SERIES OF THE HUNDES AREA. 

Hard grits, shales, and limestones ; no fossils found. 

Oolitic : Dark crunihling .shales with hard nodules (Si)iti shales), full of fossils ; 
below them arc several thousand feed, of variou.s liine.ston(?s (not examiuedj 
underlaid by black limestones and shale.s, with imperfect fossils. 


Bi'hmnites sulcatvs, I 

A, torqnatus. 

Ammonites acucinetus. ] 

A. tripLicatus. 

A. alatus. 

A. thouarsensis. 

A. hifrons. 

A, umbo. 

A. hijilex. 

A, waVichii, 

A. communis. 

Tiirritella montinm. 

A. concavus. 

JPhurofomaria / sp. 

A, eiifjfcmit. 

Turbo invitus. 

A, gerardi. 

Chemnitzia^ sp. 

A. griJJIthii, 

Anatina vaginula. 

A. guttatus. 

MyopJturia hlanfordi. 

A. hookeru 

Qardium trunmtum. 

A. heterophglhfs. 

Cyprina trigonalis. 

A. liimalayanus. 

Aslarte major. 

A. hyphasis. 

A. vnilateralis. 

A . juhar. 

Wodiohi^ sp. 

A. medca. 

Nurula cunciformis. 

A, nepalensis. 

Cucullfca virgaia. 

A, octagonus. 

C, leionota. 

A, robust us. 

Inoccramus hookeri. 

A, scriptus. 

JAma acuta. 

A, spitiensis. 

L, gigantea. 

A, strigilis. 

L, myiiloklea. 

A, tenuistriatus. 

Monotis concentrlcus. 


^ Paleontology of Niti in the Northern llliiialuyas. Printed for private circulation by 
General Strachey : Calcutta, 1865. 
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Avicula cchinata, 
A. incpquwalvis, 
Pecten acquivalvis, 
P. comatus, 

P. hifrons. 

P. monilifer, 

P. lens, 

P. sahal, 

Ostrea Jlalelloides. 


O, acuminata, 
Terehratula numismalis, 
T, carinata, 

T. glohata, 

Mhynconella variahilis, 
R. coneinna, 
Acrosalenia P 
PentacriniteSf sp. 


Taiasbic (Upper) : Dark-coloured limestone, associated with shales and dark red 
grits. 

Ammonites Jloridus, PI. II, 
fig. 1. 

A. aon. 

A. tcinterhoUomi, 

A. planodisrus. 

A, diffissuSf PI. II, fig. 3. 

A, gaytani, 

A. ausseeanus, 

A, hlanfordii, 

Ceralites jacquemonti, 

Orthoceras pulchellum, 

O. salimrium, 

Caebonifeeous : The rock not identified in situ. 

Prodnclus pnrdoniy PI. I, fig, 10. Athyris roissyu 

P, JleniingiL Aviculupecicn hycmalh^ PI. 1, fig. 13, 

Choueles vLshnu, 

Silubian’ : g. White quartzite ; no fossils. 

f. Pale fiesh-coloured quartzite ; no fossils, 
e. Dark-red grits, sometimes marly ; with Crinoid stems. 
d. Earthy slates and concretionary limestones, Cyrloceras, Ortho^ 
ceraSt Cha;tctes, 

c. Flaggy limestones and grits: most of the Trilohitcs, Stro- 
phomcna, Peptmna, Lituites, Ptilodiciyon^ Cystidea, and 
Fucoids. 

5. Limestones and slates: the strong-ribbed OrtJiis (O. thakil)^ 
Terehratula^ Lingula, Bellcrophon, fragments of Mnerinites 
a. Dark, thick-bedded, coralline limestone. 


Natica suhglohulosa, 

Exogyra, sp. 

Ealobia lommcli, PI. II, fig. 5. 
Pecten svuiella, 

Lima stravheyi, 

A thyris deslongchampsii, 

A. stroh.niyeri, 

Waldh eim ia sfoppan ii. 
MhyncJtonella retrocila, 
mpirifera uldhami. 

S. stravheyi. 


^ No ])latc of the llimulayan Silurian fossils has been given in the present work for 
want oi speciinens to illustrate. Put few have been j)r(M;ured by the; Geological Survey, and 
the figures in Mr. Salter’s work are not well adapted for reproduction by lithography. 
Owing to the rarity of silurian fossiliferous rocks in India and the neighbouring countries, 
illustrations of the fossils are not of much importance. 
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The total thickness of these groups is estimated at 6,000 feet. 


Asaphus emodi, 

Illanus hrachyoniscus, 

I. punctulosus, 

Cheirurus mitis. 
Trosopiscus mimus, 
Sphmrexochus idiotcs. 
Livhas tihetanus. 

Calymene nivalis, 
Tentaculites, sp. 
SerpuliteSj sp. 

Nautilus ? involvens, 
Cyrtoceras centi'ifuguin, 
Jjituites iuHformis. 
Orlhoceras striatissimum, 
O. kcmas. 

Theca Uneolaia, 
liellerophun ganesa, 
Murchmmia himalensis, 
M. pagoda, 

Tlcurotomaria turhinata. 
JiapMsivma cmodi, 
Trochunema humijusa. 
Cycloncma rama. 

C, suhler sulcata, 

Molopea varicosa. 

II, pumila, 

Clcnudonta slnuosa. 


Cyrtodonta ? imhricatula. 
Lingula kali, 

L. ancy hides, 

Leptoina himalensis, 

L. repanda, 

L, cratera, 

L. mix. 

Slrophomena trachealis, 
S. cliarmerops, 

S. umbrella, 

S. aranea. 

S. nuhigena, 

S. hisecta. 

S. halo. 

S. Unealusima. 

Orthis ihakil, 

O. tibetica. 

O. compta. 

O, monlicula, 

O, tincaia. 

I*tilodicfya ferrea, 
jP. plumula, 

Spharospong ia m ellif.ua. 
8. inusculans, 

Chadetes ? yak, 

Jlelio tiles dcpaiiperata. 


Slate sekies : No fossils found ; coarse slates, grits, and limestones, with coarso 
conglomerate of rounded quartzosc rocks, athase ; 1), 000 feet. 
Metamokphics : Many varieties of mica-schists and gneiss, with beds of highly 
crystalline limestone and calcareous schists. 

From a small collection made by Mr. Hug*bcs, of tlic Geological 
Survey, on a trip over the Milam pass, Dr. Waageii lias somewhat ex- 
tended the list of formations in the Hundes basin. The following notes 
are taken from his paper’ : — 


Ceetaceoub FOSSILS : — Corhula cf. eanceWfera ; Astarle; Pectun cuius ; Cw- 
culliea. The facies of these fossils is considered to be decidedly creta- 


ceous. 

JUEASSIC FOSSILS : — 

Belemnites cf. hmtkoiensis. 
Ammonites (OjpeUa) acucinc- 
ta. 

A . ( Penspli inctes) frequens. 


AiitmonUcs {Pcrlsphhicfes), sp. (tripli- 
vatiis, Stol., non Sow.) 

A. (jP.) sabineantis, 

A, (P,) Stanley i. 


* Rec. G. S. I., XI, p. 184. 
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Jmmxmil^s sp. AuccUa hlanfurdiana, 

A. {Slephanocei^as/) wallichii. An., sp., tiov. 

A. (Cos??wcc‘raA') iheodori. sp. 

A. (C.) octagonus. Mhgnvhondla, sp. (varians, 

Aucella Icguminosa. Schloth.) 

TiiiAssic FOSSILS: — A two Per/o??, and RJiynchondla <x>iis^iaca are 

rccogiiisud as of' ail upper triassic liorizoii. Tlicy occurred in a fPtirjry 
dark-j^rcy liinostone. Two fragments ol* AmmonUes of the An gcijiipar* 

. tifus group, in a smooth, dark -grey, hard shale, are considiu’ctl probably 

Lolongiug to the Muscrhelkalk, and the Biiiiter is indicated by ^rypto- 

crystalliue limestone containing a Ceratite like one of iht Ram’-e 

sjiccies. 

pEiiMiAN AND CAUDoNiFEBous FOSSILS A whitc limcstonc fill! of 
yielded — 

Tcrehra tula himalagensis. 

T. xu/jvcmtmlaris. 

T.j sp. iiov. '/ 

A thi/ris rou.syi. 

Spirlfcr cf. glahcr. 

This fauna is noticed as much resembling that of the lower lairhoni fort limestone 

in the Salt llange. A black shale gave a lihipidwneUa, al'iu, | 
acuminata; and a dark liver-coloured limestone contained cf. suriatus; 

fStringoccpIuilna ? sp. ; Rhijncondla ? sp. \ 

Sjlukian fossils a white sandstone yielded Stropliomena aranea. l 

i 

The crystiilline scdiists (central gneiss) at the edge of the Hundcst 
are profusely jieuetrated by a coarse, white granite, with miieh schorlh 
kyanite. All the gi’cat peaks of the snowy range occur in this zone, 
summits of the highest passes, which average about 18,000 feet in cle va- 
tion, are in the zone of paheozoie rocks, which rise into peaks some S I iqo 
feet higher than the passes. A northerly dip is constant throughout ti 
whole stratified series; and no imcouformitics were detected. Goner. 
Stracliey coiisidiJrs tliat the south edge of this basin has probably been a 
sea margin from the remotest ages of the carth^s history (^. e?., p. 608). 

The tertiary eruptive rocks of Hundes.— There can scanjoly 
be a doubt that the igneous rock so conspicuous at various points of the 
llundes area is the same as, and probably continuous with, the middle 
tertiary (or at least post-nummulitic) eruption of the Indus valley in 
Ijadfik and Rupshu (p. 616). General Stracliey describes a great out- 
burst of this rock, 35 miles wide, in which arc found hyperstheno and 
bronzite, besides sycnitie and ordinary greenstones, and various varieties of 
porphyry, forming the western shores of the Rakas Tdl, which is the 
western companion of the Manasaraur 'Mauasai’owar) lake ; and from here 


Camerophoria, sp. uov. ? 
Rroductas scmireticiilatus 
R., np. 

Ravtrpiium, sp. 
Cpallwpliylhim, sp. 
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tlie trap seems to extend in force to the north-west, on the north side of the 
Hundes plain. Tlic intrusion is not, Jiowever, so restricted to this main 
line of eruption as it seems to be in Ladak ; for General Strachey has map- 
ped several detached prolusions of the same rock, notably that forming the 
Balch pass, surrounded by Jurassic strata. Othei*s appear surrounded by 
the Hundes plains de])Osit, and it would seem in the figured section that the 
trap penetrates, and now overlies, these very new rocks. This error of 
drawing is sufficiently ‘ corrected in General Strachcy^s text, where, in a 
paragraph of the summary, it is distinctly statcid that the tertiary beds of 
the plains were deposited upon and contain debris of the eruptive rock. 
The Jurassic strata being the latest known to be affected by the intrusive 
rock here, this has been taken as a lower limit of ago for the eruption, 
and the supposed tertiary deposits of the plains have given an upper limit 
of date. The eorrelaiion of the rock with that of Ladak reduces the 
question of its age to much narrower limits, as middle tertiary. 

The sedimentary tertiary rocks of Hundes. — The earliest 
evidence, so far as known, of tertiary rocks in Tibet, came from the 
Hundes area. In the iirst quarter of the century, long before the dis- 
covery of the Siwalik fossils, fragmentary remains of extinct mammals 
from beyond the Niti pass were brought to notice. Specimens were 
even presentcid to the Geological Society of London about that time by 
Sir Thomas Colebrooke and Dr. Traill ; others were sent to the British 
Museum. But from that time till now they have received little or no 
attention, probably on account of their fragmentary condition, and 
because nothing jirecise was tlien known as to their geological position. 
General Strachey to some extent removed this latter objection (^. e., p. ^106), 
by declaring that these fossils were derived from the great undisturbed 
diluvial deposits tilling the u]iper valley of the Sutlej to a depth of 
^3,000 feet, and forming the wide plain of Hundes. He also enumerates 
some aj)j)roximate determinations of the specimens he collected himself, 
made at his request by Mr. Waterhouse ; there were — bones of Ilipputhe- 
rum [Hijipariou) ; of several varieties of horse ; of a bovine ruminant ; 
a head allied to goat or sheep ; a vertebra of rhinoceros ; tooth of 
elephant (?). The evidence is not sufficient for correlation with any 
precise horizon ; the fauna is, however, an extinct one, and may perhaps 
be relegated to some place in the great Siwalik series. 

General Strachey did not, however, omit to state that none of his 
specimens were found m and that, in spite of every attempt, he 

could not hear of a definite locality in which any one knew positively that 
they had been found. His own conviction as to their being derived from 
the horizontal plaints deposits is based on their general position, supported 
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by the fact that on many of the specimens there are attached rem- 
nants of a fine calcareous conglomerate, exactly identical with beds 
observed intercalated with the boulder and gravel-beds that constitute 
the mass of the deposits. This point cannot be much insisted on ; for 
the complete similarity of such rocks in different groups is well known 
(p. 555). Any shadow of doubt upon the correctness of this inference 
comes principally from the asserted horizontality of these deposits, 
whereas the latest Siwalik beds in the Sub-Himalayan zone are locally 
vertical ; and even some doubtfully tertiary deposits in the Kashmir and 
Nepal valleys (to be mentioned in our brief notice of the Himalayan 
post-tertiarics) have suffered some disturbance. It should be noticed 
that the occurrence of a displacement of the Hu Tides deposits seems 
to have l>een contemplated by General Strachey ; for he sp(?aks of some 
similar deposits, to the south of the Niti pass, as having been separated 
from the general mass by the dislocations that have ujiheaved the whole 
country (/. c., p. 308). These discrepancies arc noticed with a view to 
verification by future explorers : it may be that beneath tlie general mass 
of undisturbed diluvium forming the Hundes plains, there may occur 
obscure outcrops of similar deposits, of much older date, that have under- 
gone considerable disturbance. The comparative antiquity of even the 
most recent beds of the Hundes plain seems to be attested by the 
existence of ancient moraines upon that plain {L c., p. 310). These 
deposits will be referred to again with others of a like nature. 

The Karakoram area. — Dr, Stoliczka^s observations on this ground 
were taken under very trying circumstances, while making forced marches 
at a most unseasonable time of year. His outward route lay by the 
Pangkong, Changehenmo, Lingzluthang, and the Upper Karakash val- 
ley. His return journey lay more to the west ; his last march but one 
was across the Karakoram pass.^ 

The Ladak gneiss. — The entire ridge north of the Indus consists 
of syenitic gneiss of extremely variable composition. The tyj)ical 
rock is a moderately fine-grained syenite, with veins richer in horn- 
blende ; some portions contain much schorl. In finer varieties the felspar 
almost disappears, and the quartz is very scarce, forming a hornblende 
schist. In places the hornblende disappears, the crystals of felspar increase 
in size, and with mica (biotitc) and quartz form an ordinary gneiss, but 
inseparable from the syenite, to which it is subordinate. To the north 
the syenitic gneiss passes into hornblende and chlorite schists, alternating 
with quartzosc schists of great thickness. Those rocks extend to the 

* Roo. 0. S. I., VIT, pp. 12 and 49; also, Scioiitific Results of the Second Ydrkuud Mis- 
sion : Geology : Calcutta, 1878, pj). 15 -20, and 45, 46. 
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Lunkar-la or Masimik pass. They are intimately connected with a 
greenish chloritic rock, both thin-bedded and more massive, the latter 
sometimes distinctly crystalline, containing bronzite, and passing into 
diallage. These beds are compared to those found about Srinagar, in 
Kashmir (Mr. Lydekkcr^s silurian trappean gn)up) ; they occiij)y the 
soirth-wcst side of the Changchenmo valley. On the western route simi- 
lar rocks were traced, by Dr. Bellew, up the Nubra valley to near the foot 
of the Saser pass. Dr. Stoliczka says : “ I think we have to look upon 
this whole series of schistose and chloritic rocks as the representatives of 
the silurian formation.^^ The remark seems to include all the rocks of 
the Ladiik range ; but this is not certain, for a little further on in the same 
short paper the Karakoram area is spoken of as bounded on the north 
and south by syenitic rocks, including between them the silurian, car- 
boniferous, and triassic formations. The Ladak gneiss is so unlike the 
description given (by the same observer) of the gneiss of Rnpshii 
p. (MO), where also the silurian formations are unrepresented, unless by 
the crystalline schists, that we may expect some radical dilfereiice between 
them; it may be that the central gneiss is largely represented in Rup- 
shu. The two areas are separated by the trough of tertiary rocks, 
sedimentary and eruptive. A northerly dip seems to be as general in 
the Ladak gneiss as is the southerly one in Rupshu ; so that the tertiary 
basin would seem to lie on the axis of a great anticlinal, in contact with 
the very lowest rocks of the Central Hiniahiyas. 

The eastern section of the Karakoram basin. — The observations 
made on th(i eastern traverse of the Karakoram basin differ in so many 
points from those of the western route, that they are better given sepa- 
rately. The direct length of the former section on a line north by west, 
from the top of the silurian rocks at the Changchenmo river to the 
Kucnlun gneiss near Shahidula, is about 120 miles. The length of the 
western section in a north-north-east direction, from a corresponding point 
near the Nubra river, below the Saser pass, to Shiiliidula, is about 90 
miles, which is also nearly the distance between the two starting-points. 

The passage from the trappoid silurian rocks south of Chang- 
chenmo was not observed ; but on the north side of the valley there are 
dark, often black, shales with sandstones. Traces of fucoids were found 
in these rocks, but no other fossils ; from their relation to the triassic 
limestone, and their resemblance to the carboniferous roc^ks of Spiti, the 
beds are supposed to be carboniferous. Obscurely connected with these 
beds, near Kiura, in the Changchenmo valley, some recent-looking conglo- 
meratic sandstones are noted as possibly related to the eocene deposits of the 
Indus valley. 
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Tlie carboTiifcroiis scrJos mnst be of oonsitlerable tliiekncss, for it forma 
tlie Cl ridge, north of the Cluiiigchciinio valley^ and the whole of the 
western ])ort ion of the Liiigzhithang ; occurring again at the head of the 
Kilrakash river as far as Sliinglnng. Similar rocks were observed by Dr. 
Bellow on both sides of the Saser pass, and to the north of it. There is 
no mention of a e.a]careoiis rock in any of these seciions. 

A pale-grey triassie limestone, containing Diceroenrdim)! Jmnalai/a^ 
enfie and Megalodon trupieler^ occurs within the Chai\gchenmo valley, and 
is the most frccpient rock, forming the ridges to the north. It is some- 
times dolomitic and semi-oolitic, and is locally underlaid by a red brec- 
ciated calcareous conglomerate. On the border of the Lingzlhthang it is 
said to rest unconform ably on the carboniferous shales. The last place 
where this triassie rock vras observed was also at Sliinglnng, near the 
bead-waters of the Karakiish. 

On this route Dr. Sioliezka observed no newer rock tlian the trias ; 
but, as before mentioned, the ground was covered with snow at the time, 
and the difficulties of the journey were extreme. A little to the east, how- 
ever, in the Lokzhiing range, separating the Lingzluthang plains from 
the larger area on the north, described by Mr. Drew as the Kuenlun 
plains, the last-named observer found a limestone containing hip[)uritcs, 
underlaid by ferruginous sandstone, lying unconformably on an older 
cncrinitic limestone, dark grey in colour.^ 

At Shinglung, in the Upper Karakash valley, the carboniferous shales 
are followed immediately by the same chloritic rock noticed on the 
Lunkar-la, alternating with quartzose schists, and there regarded as 
Silurian. At Kisiljilga ordinary slates alternate with rod conglomeratic 
sandstones, and arc succeeded by dark slates, which rock is described as 
occupying the ground to Aktagh, and thence across the Suget-la to near 
Shahidula, on the Kfirakash, where the syenite of the Kuenlun begins. 
These silurian slates are expressly noticed as not metamorphic, and as 
corresponding with the metamorphic schists on the side of the Ladak 
axis. 

The Karakoram section. — By the eastern route, Dr. Stoliezka ap- 
proached Aktagh nearly from the east, and left it in a north-east direcition ; 
and the observations recorded are strikingly different from those made 
on the route from the north-west, and proceeding south -south -west to the 
Kai-akoram pass. On the former route no mention is made of limestone 
anywhere near Aktagh; while on the latter limestone is by far the 
most conspicuous rock. Some miles below Aktdgli, towards the Yarkand 


1 Juimnoo and Kusliiiiir, p. 343. 
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rivor, tho silurian slatos are overpaid iineonformably (in the figured section 
they are (jiiite parallel) hy about 150 feet of reddish earthy and calca- 
reous sandstones, passing into grey limestone and whitish marl, some 
550 feet thick ; higher beds arc reddish and brownish, sandy and conglo- 
meratic. No fossils were found in these rocks ; but they are considered 
as probably carboniferous, and to be continuous from here with the 
similar rocks observed at Aktash, east of the Pamir. At Aktagh there 
are some earthy and conglomeratic beds, resting on the edges of the 
carboniferous strata, and themselves considerably disturbed ; they are 
coniccturcd to be tertiary. Proceeding towards the Karakoram, the 
carboniferous rocks arc regularly overlaid by a long sequence of triassic 
strata, dark and pale limestones and shales. A red limestone yielded 
Arcesffis jo/uni7iis aits hire (? ) y Amniomiee haUeniy AiilacoceraSy andCrinoids. 
Both carboniferous and triassic rocks arc frequently traversed by a dark 
homogeneous greenstone, resembling basalt. At the Karakoram the 
red triassic limestone is succeeded by bhKfkish and grey marly shales 
which are overlaid by almost horizontal strata of brown limestone, very 
like the lower Tagling limestone, and containing fragments of BeleniuUcfi, 
These triassic rocks form the ridge at the Karakoram pass. Some 
peculiar spheroidal fossils, known as Karakoram stones, were observed 
to occur in dark shales below limestone taken to be triassic. They were 
described as Cysti deans formerly, and have since been considered by 
various observers sponges or corals, but they a])pear to be types of a 
distinct class of animals, Sj/rhiffospk/vnAfe, allied to the ForamUiijWa, 

In his last day’s notes Dr. Stoliczka records the occurrence of large 
boulders of syenite on the Dipsang j)lain, immediately south of the 
Karakoram pass ; and he draws the apparently obvious inference that this 
rock must be exposed i)i situ within the watershed, the extreme ])oint of 
which at the head-waters of the Chij)chak stream is .only *25 miles to 
the east, and thus in the very centre of the stratigraphieal basin. The 
route by the upper Karakash and over the Karatagh passed much closer 
to the ui)per Ciiipehak, on the cast and north ridges of the same moun- 
tain crest, without any observation to suggest the proximity of crystalline 
rocks ; so it is not imj)Ossible that the blocks in question may be true erra- 
tics, traces of the former extension nf glacial conditions, of which almost 
every traveller in the Himalayas has made mention. 

The Kuenlun range. — Dr. Stoliczka has given two sections of the 
Kuenlun ; one on the west by the Yangi priss, and one fifty miles more 
to the east by the Suket j)ass, with which we must combine that of the 
Sanju pass on the same cross-section, over the northern or Kilihn ridge 
of the same range. 
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The Suket pass section. — ^The roJation of the slates formings the 
Suket pass, supposed to be silurian, to the syeiiitic gneiss, alternating with 
quartzose inetamorphic schists to the north of it, in the Karakash valley 
al)Out Sliahidiila, is not stated. It is in these gneissu? rocks that the 
old jade mines are placed, at about 20 miles up the Karakash, east-south- 
east from Shahidiila; and the gorge of the river, for 25 miles below 
Shahidiila, to the north, traverses the same formation. On the Sanju pass 
the rock is chiefly a true mica-schist, with garnetiferous, chloritic, and 
quartzose varieties, in which jade was observed. In the Sanju valley, 
at Tam, some 20 miles north of the pass, the metamorphic schists are 
overlaid nnconformably by dark, almost black, smooth slates, succeeded 
by grey conglomeratic sandstone belonging to some palaeozoic formation. 
These dip at 40° to the north-west, but are again abruptly replaced by 
metamorphic schists, in which occur several massive beds of coarse 
porphyritic gneiss ; these continue for 18 miles, to Kiwaz. At Kiwaz 
both sides of the valley are formed of conglomerates and red clays, said to 
strikingly resemble the supra-nummulitic rocks of the Sub-Himalayas 
and supposed to be tertiary. These have undergone contortion ; and below 
Kiwaz they rest upon thick grey carboniferous limestone, containing 
Crinold stems, Spirifers, and Fcnesiellm. The dip in this rock is to the 
south-west, rising to the vertical, when it is succeeded by chloritic schist, 
which, after a mile or two, is in contact with red sandstone ; and this again, 
at Sanju, is overlaid by calcareous sandstones and chloritic marls, some 
beds of which are nearly made up of Grijphma vesicularis {? vesiculosa) , 
This cretaceous group of Sanju is represented in the figured section 
with a low northerly dip, running up against the schists to the 
south, which somewhat reduces the diflSculties of this rather anomalous 
sequence. 

The Yangi pass section.— The second section of the Kuenlun cor- 
responds only in a general way with that to the east. Some distance north 
of the pass there is a broad core of white granitoid gneiss, which is spoken 
of as the axis of the whole metamorphic mass. It is overlaid on both 
sides by schistose gneiss ; and on the south this is overlain by black 
shale, grey sandstone and conglomerate, the whole series being spoken of 
as upper palaeozoic. The coarse conglomerates are in great force at the 
Yangi pass (16,000 feet) , and have a comparatively recent aspect, evidently 
forming the top of the series. They are identified with the beds at 
Tam, on the Sanju section. The lower, greenish and blackish, submeta- 
morphic slaty or schistose beds turn up again south of the pass ; and it 
is upon these that the newer rocks rest, as already described, near 
Akiagh. It must be remembered that all these details are derived 
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from iineorrected field-notcs ; and it is quite possible that bad Dr. Stoliezka 
lived to publish his observations, he would have eorroeted them in many 
eases. 

North of the j^neissie axis thei’e is a broader belt of metamorj>hic 
roeks, ch icily of a syenitie (hornbl»‘ndic) character; and for a width of 
16 miles the section is occupied by massive greenstone, which on the 
north is described as if, in part, a transformed condition of a bedded 
ehloritic rock. This latter rock, with alternating white quartzose and 
calcareous schist, forms the Chiklik pass (10,400), at the north base of 
which it is succeeded by a thiu-bedded limestone, also affected by meta- 
morphism. This limestone increases to a great tliickness, forming a belt 
some miles wide between the Chiklik pass and a point about 12, miles 
south of Kugiar. There is a reddish sandy band in the middle of it. 
The limestone itself is spoken of as grey dolomite. The dips are high 
and disturbed, but the prevailing direction is to the north. No fossils 
were found, and jio suggestion is given as to the age of this limestone : 
it is presumably either carboniferous or triassic. No cretaceous beds 
were observed on this section. 

The Pamir section. — A brief note of the section of the Pamir 
will be of interest, for comparison with those of the Himalayas proper. 
The direct distance in a west-south-west direction is about 220 miles 
from Ighiz-yar, at the edge of the Ykrkand plains, at an elevation of 5,600 
feet, to Kila Panjah, the capital of Wakhan, elevation 9,090, on the Oxus, 
at the confluence of the two i|ij||l|Brn. streams, from the Great Pamir 
on the north (elevation 14^320), d^N^om the Little Pamir on the south 
(elevation 13,200). The drainage of the eastern side of the P&mir also 
flows to the Oxus, by the Aksu river (|U'obably the original of Oxus) 
passing by Aktash, elevation 12,800 feet. The main watershed lies close 
to the east of Aktash, at the Nezatash pass, elevation 14,900 feet, 
at about the centre of a synclinal basin, between the gneissie axes 
of Sarikol and the Pamir. The Pamir is placed at the apex, where the 
]Mustiigh and Hindukiish ranges would meet, at an angle of about 120°, 
if prolonged on their general directions ; but on the maps these ranges 
arc represented as swerving southwards from the Pamir, and as being 
confluent in the range from which the Gilgit river flows south-eastwards 
and the Chitral flows south-westwards, the pass to the latter valley 
from the Oxus having only 1 2,000 feet of elevat loii. 

The mass of the Pamir is mainly formed of gneiss ; a pale, fine- 
grained, mica.-gn(‘iss, whi(rli Dr. Stoliezka considered to be the same as the 
C(?ntral gneiss of the Himalayas. It exhibits comparatively little disturb- 
ance, and is locally traversed by veins of albite granite, with nms^ 

R 1 
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covite. It is not distinctly stated whether this granite is inirnsive. The 
correlation of this gneiss with the central gneiss is supported by the fa(?t 
that the former is at many points immediately overlaid by black slates 
and shales, probably silurian, shewing very little alteration at <Jic contact. 
The slates pass up into reddish sandy and conglomeratic beds. Ou tlie 
north-east, towards Aktash, these rocks are overlaid by some 3,000 feet of 
limestone, both dark and pale varieties, considered as probably carboni- 
ferous ; and these are succeeded by dark shales and limestone, in which, 
on the Nezatash pass, Halobia lowmelly Ilhynconelkcy and Megalodon were 
found, proving the triassic age of the rock. East of this the black silurian 
slates turn up, witli a very steep underlie, and are thus in abrupt contact 
with the gneiss of Sarikol. The width of the Aktash basin, between 
the two gneisses, is less than 50 miles. Intrusive greenstone is of 
fretiuent occurrence in the highest bods, as we have seen in the Karako- 
ram section, south of Aktagh. The Aktash basin is, in fact, con- 
sidered by Dr. Stoliezka to be the stratigraphical continuation of the 
Karakoi*am. 

Theabruptboundary of the Sarikol gneiss with the rocks of the Aktash 
basin is probably faulted \ for the relation of the same gneiss to coito- 
sj)onding beds on its north-east side is described as transitional, the paleo- 
zoic strata having undergone considerable metamorphism ; and the gneiss 
itself is largely hornblendic and much disturbed. The Sarikol gneiss is 
about 25 miles broad, and is held to correspond with the crystalline rocks 
of the Kuenlunaxis. Along the whole section to the north-east, 50 miles 
long, only lower palaeozoic rocks were ol)served hi aitu ; slates and 
sandstones, occasionally conglomeratic and earthy lirncjstone, all without 
fossils; but debris of carboniferous limestone, with Bell€ro2)ltoUy was found 
in the lateral stream courses. Between Aktala and tluj gneiss there is 
extensive irruption of greenstone, like that south of Chiklik, on the 
Yangi section. The degree of disturbance diminishes in a very marked 
manner towards the plains. 

The Kashmir- Pangi area. — This* ground includes, as already indi- 
cated (p. 620), a pair of semi-detached synclinal basins, on the same 
strike, south of the Zanskar ridge, which is in elevation the jn-incipal 
continuation of the main Himalayan range. The Kashmir area coin- 
cides nearly with the upper basin of the Jhelum, and the Pangi area 
may be taken to indicate the upper valley of the Chinab, from the heiid- 
waters in Ldhul to below Kilar. The irregular chain of ridges described 
(p. 631) as the Pir PanjiU forms the south side of these basins; and 
the minor basin on the upper Ravi, in Chamba, between the eastern 
Pir Pan jiil and the Dhaiiladhar, belongs to the same group of terminal 
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features, on the divided prolongation of tlic main range. The following 
approximate classification of rock-groups in this ground is taken from 
Mr. Lydekker^s paper* : — 

Kashmir and Pdngi areas. Areas to north and east. Age. 


^ f Sandstones and slates of Zoji-la and '' 

V. Panjtnrni. 

Upper limestonos and dolomites of V ^^*^i***ff ‘’Crics. 
Ammath. Sonamtirg, Manai>l)a], aud\ 

Dr&B river. 


LImostencs of West Kaslniiir. 

nine liinoslones of Mdiiaslial. 

Limestones and slates of Mavlial pass,' 
Lidar and Upper Sind valleys, Ki<»l J 
scries (?), 

Great limestone of Jamu hills (?). 

Ujjper Panjdl slates, shales and trai>- 
poid rocks. 

Trappoid rocks of Wahir lake. 

Lower Panjdl slates j lower slates and") 
tru]))ioid rocks of Kashmir. 


Kuliii" series. 

Krdl llmesh)ni‘ (P) 
Infra^Krol group (P) 

) Miith seriiis. 

I Blaini series. 


( Bhaheh scries. 


I’lR'KH 111 XVilMlIllll. V 

Slates and liiiiestories of Paiigi, LahulV hfra-lMnim, or 

J slates. 


- Rhneiie and trias. 


K Carl joii if crons. 


. IJpjier silnriaii. 


Simla V 


Lower silurian ami 
Camhrian ( i*). 


slatets. 

Gmnss of Pir Panjdl. 

UpjxT gneiss of Wardwan and Zdns- 
kdr range. 


Cambrian. 


Central gneiss of Udreha. .. 

Lower gneiss of Wardwan and Zdns- / Gneiss f)f Wdngtu and / Tnfra-^i 

kar raiiire. f mouiitiiin. f 


kur range. 
Dhuuladhar gneiss. 


3 


) 


-silni'ian, hut 
age, not 
dotermiued. 


For convenience a.nd clearness, we must again make a local exception 
to our rule, and describe the formations in descending order. 

Triassic rocks of Kashmir. — As already mentioned (p. 631), the 
Bcdimentary series of the Ziiuskar basin, from the trias downwards, 
rolls over into the Kashmir basin, round the termination of tlic great 
gneissic mass of the Zanskar range. Although the feature is thus in 
the main a great anticlinal, the very ci’est of the ridge, at the Zoji-la, 
is formed of a sliarp and locally inverted synclinal, in the highest rocks 
of tlie local series. It was this inversion that led Dr. Stoliezka to suppose 
that the sub-schistose sandstones at the Zoji-la were carbouiJ’oroiis, from 


* Roc. (i. S. I., XL p. 03. 
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tlicir a])p.aronily iiiKh^rlyiiig triassic strata, Mr. Lydckkcr found tlie 
saiiro rocks to the south-east near Amrnath aiul Paujtarni to be dis- 
tiiK'^ly i‘old(‘d in a trong-li of the doloinitic limcjstone. The age of these 
]iin(\stoiies is well fixed north of the Zoji-la. Dr. Stoliezka observed a 
gr(‘at thickness of light-blue limestone forming the banks of the Dras 
river^ and containing numerous small bivalves, like Mcgalodon colmnlella, 
Hornes, from the ujiper trias of the Alps. It is overlaid to the south 
by a darker dolomitic limestone, apparently identical with flic Ptira lime- 
stone of Northern Zanskar. South of the Zoji-la, Dr. Stoliezka found 
Amvwniics gerardl in the limestones and carbonaceous slates near the 
cam]) Thajwaz in the Sind valley, proving them to belong to the 
Lilang groiq) of Zanskar.^ There would seem, however, to bo great 
variability in the composition of these gronjis. Mr. Lydckkcr [L i?., p. 45) 
idenlifies the white dolomite of Amrnath with the Para limestone 
north of the Zoji-la; and in the Chandanwari section (/. c., p, 44), 
ni the head oF the Lidar valley, a set of slates and sandstones sejiarates 
tliesc wliit(‘ dolomit(‘s from the dark-blue carboniferous limestone, and 
is interstratilied with both of them. This apparent transition between 
carbon if (M-ous and up] leri n ost triassic strata calls parti cnlarly for further 
(‘xaminatioii. Triassic ro(‘k has as yet only been observed in one other 
locality in the area under notii^e; it is in the Kashmir valley, in 
the jiromoiitory south of the Manasbal lake, whore the white dolonii to 
overlit's the com])act blue carboniferous limestone. 

Carboniferous rocks of Kashmir. — With the exci'ption of the 
very local occurrence of the triassic limestone on tlic north side of Kash- 
mir, as already mentioned, only palieozoic and gneissic rocks arc found 
throughout, the rest of the area under notice, in which condition this 
ground exhibits a partial afTniity with the Lower Himalayan area. Of the 
])al;eozoics, again, only th(‘ upjicr members have been fully rccog-nised by 
fossil evideiu'c ; and in this way they have scarcely been traced beyond 
the limits of Kashmir, where they are almost confined to the north side 
oF the valley. AVc must notice th(*se rocks first, as it is through com- 
j)arisou with them that the position of other groujis has been provision- 
ally detcrmiiKHl; 

The identification of carlioniferous rocks in Kashmir is of old stand- 
ing. Possils are locally abundant, but no large collection of them 
has been made. The following species of carboniferous Brac/nojjoda 
wore described by Mr. Davidson® from specimens collected by Captain 


• ]\Ioni. Ci. s. 1., V, p. 3 10. 

* il .1. G. S., XXII, 1800, p. 30. 
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God will- Austen near the villages of Khiinmu, Bariis^ and Zewan, in the 
Villi valley, immediately to tlio cast of Sriinii^ar : — 


Terehratu la xaccu I tis, 

^ith'f/ris mhf jlita^ PI. I, fi^. 4. 
Spinfera kcUhavil, PI. I, fig. 1. 
Sp. mhiana. 

Sp . kasli m I rimftis'. 

/>/>. mooml'hailensisy PI. I, lig. 2. 
i<p. hdiHislevKht, 

Ithijn nriudla hariimcmla. 

JRh . Ji'axh m iri cu sis. 


S/rcptorlif/nr/ins n*cirlsipla, PI. T, fig. 7. 
Prothicf ns sfnuivetlculatas, PI. 1, fig. 8, 
Pf. srahrlrnlas. 

Pr'. hnmhnhllll. 

Pi\ sphnitusus^ 

Pr. liPvls. 

Chnneics hrvls. 

Ch. f (nisfcukina . 

Disrlit a kash nt /' rlcn sis. 


Two m(‘asiir(‘d s(H;tions from iliis nei glibo nr hood oy Captain Godwin- 
Austeii ^ Avill shew tlu^ local eoinpositioii of tlui series. The fossils were 
jiriiKM* pally fomid near the very base of tlui formation ; and it would 
seem from liis figured sections that Ihe hotloni (piartzile is nneonform- 
ahle to the nnderlylni^ hornhlende sla.t(*s; Imt as no sliiiennait is 
made to lliat eiTeet, the ])oint is doubtful. The ai>p(‘a ranee is probably 
due to the locally uustratilied condition of the tra]:)poau up]n;r siluriaii 
rock.s. 


Scrlhn) aJoiHf a spar from Wasiericduy hetween IJdrns auJ Ptshpnr. 

8. Ilunl (?()in]«irl lii)i<’slojas w<*}»tluTiiig light ocliro ..... 

7. Hiird conipiu't liincstoiic, lut fossils 

(). <ir(‘y linu!sl<MU', >VfiU.luTing light-l)ro\vu ....... 

5. Mi( •acoous sjiiuly liuKstouc ; Splrifera rojahy aiul Pi'otlnclns sciuli'clicti- 
Idftis ............. 

4. Slalv shak* ............ 

3. Slialy limestone, weiitheriiig green, full of fossils ..... 

2. Hard iossiliferons rnui'stunc 

1. White (|M;n*t/ rock ........... 

iIonil)leiidc .slate 


I’ccl. 

loo 

110 

liOO 

00 

ir> 

■10 

S(‘ 

lo 


UiiO 


^erthtn al the fool (f a rkhfe frui)) Z Jnfinrdn. 

I'c't. 

7. Hard conipaet erYstallliie liniestone, of a <lark hlnc gi-i v, intcr^t ratilicd 

with grey shales, whiclj weather to a green tint, very fos.^iliU nios . ”(> 

r». (kdeareous .shales, very fossiliferons . . , . . . . . ao 

5. Alternations of shaly slate and sand 30 

4. jsandstoJic eontaiiiing water-worn ]M*yhles . . .... 3 

3. A bed of water-worn jiehhles and shingle, of quart/, and hnnililcndii- n:. !:, 

iinheddcal in a sandy ernnihling inatrix ...... t 

2. Alt(*r(Ml sandsttjiie and shaly beds, vcr\ ha?.! and sj)liiil -i-s . . .15 

1; White Hiiity quart /.it?* ....... ... 12 

Jloriihhaidic slaty I’oek 


S3 


* Q. .1. Cl. s., XXII, Ison j,. 20. 
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Owinff to the excessive disturbance all these strata have undergone, 
and the deep erosion of the ground, tlie upper members of the stratified 
scries are only found in isolated masses along the inner edge of the 
valley, and in the hills to the north. No carboniferous rocks have been 
observed on the south-west side of the valley, on the flanks of the Pir 
Panjfl ; but at the south-east end of the valley, south of Shahfibad, the 
rocks of the Pir are in faulted contact with the mass of carboniferous 
limestone, which here closes the valley, and stretches for a few miles 
beyond the watershed at the Marbal pass. Tlie gemjral structure is that 
of a broad complex synclinal fold, the axis rising to the south-east. At 
the north-west end of the valley also, at Trigamma, the carboniferous 
limestone is in force, occupying a synclinal fold in the slates. Near 
Shuhabad Mr. Lydekker d(>scrilx5s the sequence as consisting of dark- 
brown sandy shales, gradually becoming calcareous, and so [)assing up 
into the characteristic dark-blue carboniferous limestone, wlii(ih is over- 
laid by yellowish and whitish sandstones. These highest beds are often 
rc})laced by banded limestone, and may represent tlio Irias. 

From the examination of many s(*ctions, Mr. Lydekker concluded 
that the carboniferous rocks are normally in conform aide sequence with 
the underlying slate series. Tins rclaliou is seen in the section near 
Eishmakam, in the Lidar valley, north of Tsla]nal)ad, where the following 
l)eds arc in regular succession. No. 1 being silurian and Nos. 2, G, and 4f 
carboniferous : — 

4. Slates and sandstoiios witli Fme/tfena, J^rort uchis, and Spirlfera, 

3. S:indst()iu\s and dark-hliic liiucstoiii's, with cui'als and criuoidH. 

2. VV'liite and blun saiidstonos. 

1. Blue or grooii slatos and :nnv"daIoids. 

The proportion of limestone in the carboniferous series is very v.ariable 
in difFereiit sections. 

Silurian rocks of Kashmir. — It is u])on the st.rength of tins 
close connection with the carboniferous strata tliat the underlying series 
is taken to be silurian ; for not a single fossil lias been found in these 
rocks throughout the whole of this region. They are, however, continu- 
ous with rocks in corresponding relations to the eaihoniferous group 
in Zanskar, where silurian fossils do occur (p. C 38), though far less 
abundantly than farther east in the Hundcs basin (p. 64fl). The absence 
of organic remains is only very partially accounted for by the greater 
metamorphisin of the strata in the north-western area. 

Another cause of doubt regarding the correlation of the diflcrciit 
fonnatiens in Kashmir has been the extensive occurrence of trajipoan 
rocks, and the uncertainly as to their relation to the sedimentary series. 
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and, therefore, as to their age. All the rocks have been so contorted, that 
special examination was needed to distinguish effects of irruption from 
those resulting from a disturbance common to all, the local appearances 
being superficially very deceptive : thus north-cast of Manasbal there 
is a dome-shape^l mass of amorphous greenstone, with the carboniferous 
limestone dipping from it on three sides. Such appearances are very 
suggestive of intrusion ; and so the prevailing opinion has been, that the 
trap of Kashmir and the Pir Panjal is of later date than all the contigu- 
ous formations. Mr. Lydckker, however, comes to Ihe conclusion that 
the trap is altogether pre-carboniferous, no single instance of true 
intmsion having been found ; and the general distribution of the rock 
clearly points to its cotemporaneity with the upper silurian strata.* In 
Northern Kashmir, es]:)ecially about Srinagai*, Manasl)al, and the Walar 
lake, the massive amorphous forms of greenstone are predomina.nt ; but 
even with these there are associated stratified earthy and amygda- 
loidal beds, identical with those which all through the Pir Panjal and 
clsev/liere arc characteristic of the upper zone ol* the slate series. To a 
great extent these beds are of a mixed nature, containing much silicious 
dotrital matter with the trappean ingredient., and their trappoid chara(;tcr 
is further to some extent due to ))artial metamorphism ; but there can 
scarcely bo a. doubt that the peculiar facies of the u])pcr silurian zone 
of this region (and it seems to extend also to the western part, of the 
Zansk^r area) is due to eotemj)oraiicous eruptive action. The following 
general sequence of the strata composing the lower ])al;eozoie rocks, form- 
ing the sLile sei-ios, is taken by Mr. Lydckkc]- (1. a., p. o\)) from the 
section of the Pir Panjal pass : — 

5. Givonisli slat(!s, s.‘inf]st,oiu*s and aniyi^daloidal rocks. 

d. lilaclv and irrccju slates with brown sandstouo congloniorate, containing pebbles 
of (juarlzitc and slab;. 

Whitish quartzites and sandstones. 

2. 131ack slattis eonljiininj^ pebbles of gneiss and fjuarlzite. 

1. Granitoid gneiss, with occasional bands of slate and quartzite. 

Tlie relation of the palmozoic slates to the crystalline series is a point 
of sf)ccial interest and difficulty, as luis been shewn in other cases (p. 640) . 
In the region under notice Mr. Lydckker has found this relation to be one 
of inseparable association, as is indicated in No. 1 of the preceding section 
of t.he rocks in the Pir Panjal. The same condition obtains on the north- 
east, with reference to the gucissie mass of the Zanskar range ; as is well 

' Dr. Vcrcbcro (J. A. S. 15., XXXV, 18R7, p. 86) bad iinnouiicod the same conclusion ; but 
this writer’s views are not always supported by sufficient evidence to be accepted. 
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seen in passing from the south-east end of Kashmir,, by the Margan pass, to 
the Wardwaii, and down the latter valley to Kishtwiir. It is not mer(‘ly 
a case of gradual transition of metamor])liisin, but also complete associa- 
tion by interstratification of slaty and gneissic rocks, and their equal 
pailicij)ntion in the results of disturbance. Some of the bands of gneiss 
thus intercalated with the slates are quite massive and granitoid, both 
fine-grained and porjhyvilic. The contrast is altogether most striking 
between this mode of relation and that of the slates to the central gneiss 
of the Lower Himalayan region ; and the inference is, that the gneiss of 
Zanskar is to a great, Imt unknown, extent made up of converted ])ala>o- 
zoic strata. Abrupt contacit is here also found between the two types 
of rock ; but they are more or less distinctly due to dislocations, as at 
Krur in the lower Ward wan valley. 

The Pangi basin. — Tlelow Kilar, the gneissic rocks of the Zanskar 
ridge pass well to the south of the China!) ; and it is not known whether 
they are not there (jonlluent with the gneiss of the Pir Panjal chain, 
thus separating the slates of Pangi from those of Kashmir. There 
can scarcely be a doubt that these two belong to tlie samij lower palaeozoic 
series ; but there are some noteworthy dill'erenees of eom]K)sitioii. The 
traj)|)oid rocks have not hocn observed in Pangi ; it may be l)eeanse the 
eruptive action did not extend so far, that zone being represented by 
ordinary slates ; or, only the lower members of the series may he repre- 
seiit(jd in Pjingi. Bands of linuistone are not very rare in the Pangi 
slales, although entirely wanting in the Kashmir area. Tlie (jiiasi- 
erratie boulders in the black slales of Pangi, as already mentioned (p. 
are very ])e(fiiliar; although tliese slales are probably the local representa- 
lives of the zone No. 2 of the Pir Panjal section in the list already 
given. Tlie relation of the slates to the gneiss in Pangi is not exclusive- 
ly lik(^ that deserilied in the Wardwaii valley : in introducing tlie Piingi 
slates, Mr. Lydekker {L c., p. 54) describes a very thick band of granit- 
oid gneiss as conformably overlaid by a newer series of bluish slates 
and sandstones, which contain no truly mctamorjihic rock. At the cast 
end of the basin, the junction of the slates with the gneiss of the 
Kotang pass w'ould seem to be of the same abrupt kind. Yet on a 
parallel section to that at Kilar, about Tingrat, in Hie valley north of 
Triloknath, there is an alternating passage from the slates to the gneiss. 
It is by the close comparison and connected survey of such contrasting 
soetioiis, that we may ultimately expect to separate the two very distinct 
gm'issie formations, which we arc almost forced io think must he jiresent 
in this ground (j). GoO) : the central gneiss, of long pre-silurian meta- 
uior]>hisui ; and a lower silurian or Cambrian gneiss, made out of, and 
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associated with, deposits that have undergone little or no change in 
adjoining areas. 

The Pir Panjal chain. — The extension already given (p. 631) to this 
name of tlic range outside (south-west of) Kashmir, to include the ridges 
in aj)proximate continuation of it to the south-east, although separated 
hy the gorge of the China!) below Kishtwar, may be uydicld geographi- 
cally ; but geologically (as based upon structural equivalence) it is still 
provisional, for we have no observation of these hills south ol: the upper 
Chinab valley. So far as we know, the slates of Pangi may l)e con- 
tinuous with those of the upi)er Kavi valley, without any dividing 
gneissic axis. In this south-eastern ground, too, the range in question 
is not the outermost range of the older formations, for the Dhauladhar 
lies to the south of it ; and it may be to this condition, of aTi outside 
position in the mountain syshun, that is due the peculiar structural 
character noticed in the Pir Panjal and Dhauladluir ranges — that of a 
great folded flexure, with inversion on the outer side. This peculiarity 
is, pcrha])S, opposed to the connexion of this ridge with the central 
region, of which it is thus hei’e a specially marked marginal feature. Its 
afliiiities are, however, much closer with the area of normal Himalayan 
disturbance, than with the Lower Himalayas, where the structure is quite 
dilferent (]). ()()'2). 

Mr. Lydekker has clearly shewn this structural character at the 
Banihal pass,^ and at the Pir Panjal pass- ; and the sanu^ feature had 
previously beennotic^ed in the Dhauladhar.'^ In proceeding from Kash- 
mir aerross the Pir Panjal pass, the sequence of rocks given above (p. 663) 
is observed in descending order, the beds dipping towards the valky. 
The dip increases steadily, and becomes vertical in tin* gneiss ; then the 
black slates (No. 2), with pebbles of gneiss, come in again, but with a 
steep underlie towards the gneiss ; and they are succct>d(‘d at the crest of 
the pass by the white quart.zites, having the same inward dip ; under 
these again come the greenish trappean beds of zone No. 4 ; the whole 
series, many thousand feet in thickness, being clearly inverted on the 
south side of thii axis. 

On the outer margin of the range, in the inverted series, higher 
(apparently lower) beds arc preserved than on the side next the valley. 
They consist principally of limestone, with a variable proportion of 
asso(!iated black and greenish shales and pale sandstones. From their 
conformable and transitional relat ion to the tra])i)ean iipi)er siliirian zone, 

J Km O. S. I„ TX, p. im, 1H7G. 

2 Ut'c. (i. S. I., X I, p. 39, 1878. 

3 Mem, U. S. I , 111, l»t. 2, p. G3, 18G1. 



666 


GEOLOGY OF INDIA-CENTUAL HIMALAYAS. [Chap. XXVII. 


Mr. Lydckker concludes that they represent the similar, but fossili- 
feroiis, rocks in a like position in Kashmir, and are therefore car- 
boniferpus. This band of limestone is more or less continuous at the 
edge of the higher mountains, from the Pir Panjal to the Lower Hima- 
layan area; and it is upon this remote and slender connexion that the 
Krol limestone, capping the slate scries in the Simla region, is taken to 
be carboniferous. The identification of the great limestone, forming the 
large inliers of the Sub-Himalayan zone (p. 5C2), from 4 to 12 miles 
distant from the base of the Pir Panjdl, as carboniferous, is perhajis 
equally open to verification. If all the limestone of those inliers is 
carboniferous, the deposits of that age increased enormously in thick- 
ness within a very short distance ; but this inequality of deposition 
has been very generally observed in the carboniferous rocks of the 
Himalayas. 

The fact that the gneiss partakes so regularly in the disturbance of 
the slates, would seem necessarily to imply original complete conformity 
of strati licatioii between them ; and therefore the j)robabiliiy is, that all 
the metariiorphics of the Pir Panjal belong to the newer gneiss. It 
may also be suggested that this form of disturbaiKiO, a great regular 
folded flexure, could hardly have occurred here had there been a primitive 
ridge of old gneiss occupying the position of the pn^sent axis ; from 
whicli we may suppose, that if the central gneiss is represented here, its 
elevation is altogether due to post-silurian disturbance. 

There are, however, certain irregularities in th(? feature as a whole, 
that necessitate some modification of the view of it as a single and 
sim])lc anticlinal flexure. The outcrop of the core of gneiss is not 
ct)ntinnous ; nor docs it oliserve a strictly iiniform diri'ct ion throughout. 
These irregularities, moreover, are not suj)erficial ; thus, in. tlie deep 
gorge cut by the Jhelum through the range, ht^twiien Baranuila and 
Uri, the gneiss does not appear at all ; and the slates, in some manner 
not yet work(;d out, wrap round tlje termination of the gnoissic mass of 
the ridge on cither side. The al)ruptncs5 of these breaks has suggested 
the ])Ossi])ility of their conn(;xion with primitive ridges of old gneiss ; 
hut this suj)position is so difficult to reconcile with the general symmetry 
of contortion, that we must seek for some other cx])lanation. Since the 
main feature is not a simple flexure, hut includes also some minor fold- 
ings of the strata, as is ohserved in both the Banilial and Pir Panjal 
sections, it is natural to supjiose that at different jjoints of this range 
the maximum (‘fFeet took place along difEercnt minor axes of initial 
contortion, resulting, of course, in ultimate discontinuity, and partial 
discordance between lliese elements of the orcat flexure. 
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One-sidedness of mountain structure. — It has been already 
remarked (p. 559) that the structural form of the Pir Panjal and Dhau- 
ladhar ranges corresponds with that of the ridges of the adjoining Sub- 
Ilimalayan rocks. It may perhaps also be inferred that a similar 
structure prevails in the Zanskar range, but nothing very like it has 
been described in the interior mountains, nor yet, which is more note- 
worthy, at the northern margin of the mountain region ; the features of 
the hills on the borders of the Ydrkand plains, so far as we know them, 
bear no resemblance to those of the Southern Himalayas. This one- 
sidedness of mountain structure has been observed elsewhere, and has 
given rise to the opinion already alluded to (note, p. 529), that the source 
of disturbance was external to the mountain region.^ This notion, 
however, is decidedly obscure ; almost on a par with the original idea of 
simple upheaval, so long in favour with Alpine geologists. It seems 
more natural to look for an explanation of the dominant structural form, 
in any area of s])ecial disturbance, to the resultant condition of resistancic 
at tlie time of compression. Such a local condition has been intelli- 
gibly assigned by Mr. LoConte,- fbc unsymmetrieally lenticular form oF 
tlie total sedimentary mass, from the alteration and compression of 
which a mountain range is formed, whereby excessive contortion and 
over-thrust takes place on the side of the most rapid decrease of 
thickness of the deposits, which would generally be the landward side. 
This explanation ’^‘ly be partially the correct one for the case under 
description, although thei’c would still be some difficulty in connexion 
with the part that has been assigned to the central gneiss of the Lower 
Himalsiyas. Put it is evident that this particular condition is only one in 
the many possible combinations by wliich the position of least resistance 
under compression in ay be determined. 

Post-tertiary and recent formations, — It has Ix^en already ex- 
plained (p. ^371) how diffieult it is to draw a distim^t line betw(jen tertiary 
and post-tertiary formations in Peninsular India. Indeed, it is sufficiently 
evident from general considerations that, unless upon the assumption 
of a world- wide or half world- wide coincidence of phenomena, there 

1 Suess : Dio Entsldniiig dor Alpen. Au abstract of Ibis work is given in Silliman’s 
Journal, 1875, p. 446. 

2 Aniorioan Journal of Scieneo and Arts, Anj»-nst 1878, and obm^wbore. 

Mr. J. LeCouto (and ho is not singular in tliisl seems to b:lv^^ ovorlookt^d the fact that a 
very large and vital a part of bis theory is contained in views admirably expounded long 
ago; it is by no ni(‘siiis evidmit in wluit ])artieulars, as a “ formal theory,” the " geanticline ” 
differs from I)e Beaumont’s or the “mushing” from the ecrasement of the same 

iiutlior; or how thti part played by “ sedim<;ntatiou ” in the origin of moiintiiins differs from 
that assigned to it by lli*rschel and Babbage. The little progress geologists have made has 
been in applying the ideas of these pliysicists to actual cases of mountain-structure. 
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can be little or no correspondence between the great breaks in the 
sequence of geological formations in distant ])arts of the earth^s surface; 
and tlic chief interest of the case under immediate notice is, that the 
traces of such a half world- wide event have been observed in the Hima- 
layas. On the page above referred to it was stated that the limit be- 
tween tertiary and post- tertiary formations in Europe is most con- 
veniently marked by the ghu*ial epoch ; and on the following page it 
was shewn that India had been affected by the glacial period, and tliat 
Himalayan glaciers were formerly more extensive than they now arc. 
That evidence need not be quoted again here; we would only draw 
attention to the fixing of the date and tlic cause of tliat former exten- 
sion, as necessary features of the import:int question at issue — the validity 
and force of the words {‘])och and period, as applied (without local 
affix') to glacial action; for, as so used now, tluy imply a half world- widi>, 
if not a world-wide, coincidtujcc of the phenomena ; and the importance 
of verifying this apjdication is very great. Ev(‘n if one such evi*nt 
could be established, it woidd be of immense service, in giving a rough 
gciueral datum line in past time from which to correlate the progress of 
geological changes; for at present there is no greater obstacle to exact 
sp(!(!ulation in geology than the utter uncertainly ])otween lo(‘al and true 
time, as inJicalAid by the paheoiitological clock.* It will i-e(juire a great 
acfcumulatioii of conneeted observations to eslablisli the eolemporane- 
oiis glaciation of even a hemispbere of the earth — to shew, for iustaiKx*, 
that the facts appealed to are not sueeessivo, and due to a progressive) 
cliaugc, more or loss invg-iilar, sueb as would be caused by a shifting of 
the ea^th^saxis, although the possibility of this ])articular oeeurrence has 
lately bemi denied by (.*ompeteiit physicists. In such a case the expres- 
sion "'glacial ej)och^^ would have little more exact significance than have 
now the various ])ala)onto]ogieal periods. 

Sub-Himalayan high-level gravels. — Tlie evidence for a strati- 
graphical break in the formations of India, equivalent to the })lioeenc- 
phdstoeciie change in Europe, is not found most distinct in the same 
localities as the best evidence for an extension of glacial action. The 
latter naturally occurs in the higher ground, towards the region of existing 
glaciers; the best install ees on record licing those in Sikkim [srfprrty^, 37G) 
and Kashmir.” The former, as naturally, is found in connexion with 
the known tertiary do])osits in the Sub-Tlimalayan zone. Nothing 
could be more sharply defined tlian the sej)aratioii of tlie high-level 

1 e, g. Dr. .lolin Evans* objoctioiis to IVofossor Tlanprlitoii’s considcralioiis on ClKiii'jro.s 
of C^liuiali* in ])ast tiincs. I’rfsiilvntial x\(ldrL*ss (Geological Section), Dritisli Associatiini, 
1878, “ Jv-atnre,** Vol. XVTII, i>. 418. 

‘ Dvi'w : ,1 inn moo juul Kashmir Territories, ji. 219. 
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fjfvavels along tlic base of tbe Nortb- Western Himalayas, from all recent 
deposits on the one hand, and on the other from the latest rocks of the 
tertiary series — the topmost Siwaliks. In the section already so much 
quoted of the Sutlej gorge above the Bubhor (p. 551), tliose gravels 
are found capping the low hills, at an elevation of 500 to 600 feet over 
the river, and resting undisturbed on tbe edges of vertical Siwalik 
conglomerates. The same may l)c seen in many other places, as in the 
river section of the liotas ridge, west of Jhelum ; and it will scarcely 
be disputed that, from stratigraphical analogy, they may take provisional 
rank as early pleistocene. In the plac(!S indicated they are made up of 
thoroughly w’atcr-worn torrential debris, but in certain positions, as in 
Kfingra, they have a charac^tcr that seems to demand the aid of glacial con- 
ditions ; and this only occurs when thei*c is an obvious source of such an 
innnence. The whole Kiingra valley and many other duns were once more 
or less 111 led with these dejiosits. The boulder graved (raps ridges al)o\;e 
Kaugra fort, on the southern side of the valley ; and all about, especially 
on the inner side of the valley, hiigt^ blocks of gneiss are scattered. These 
blocks are not traceable to distinct moraines; but i hey often occur in 
shell ered positions, to the side of the actual gorges, where they must have 
arrived by flotation, or else have fallen over the ])resent Hanking ridges 
when these w(}rc smothered in a great fan-talus of diluvium from the 
main ridge of the Dliauladliar close by. No sci’atchiug or polishing has 
been found either on the blocks, or on the rocks /// avV//, ; but all the 
facts very strongly suggest that glacial conditions must have aided in 
producing such results. The elevation of this suh-glacial deposit in 
Kaiigra is between 2,000 and 3,000 fe4?t; the crest of the Dliauladliar, 
from G to 8 miles distant-, rising to 14,000 and ]G,()00 feet. 

Glacial evidence in Tibet. — The effect s, real or imputed, of glacial 
action in the Alps and elsewhere are so prodigious, that, after aceepting 
some clear eases, suth as those (juoted in Sikkim and Kashmir, of old 
moraines at- elevations of only 6,000 to 8,000 feet, one is surprised to 
find that traces of glaciation arc not more conspicuous elsewhere in the 
Himalayas at vastly greater tdevalions, in Tiliet. At least, but slight 
mention is made of those traces by very comjietent observers. Dr. Sto- 
liczka may he said to have? ignored the subject ; Colonel God win- Austen, 
who surveyed the highest regions of Western Tibet, and who from the 
first paid attention to geoh)gical features, only makes casual mention of 
glacial extension, generally in its leasl certain form — that of presumed 
erratics ; and Mr. Drew, who enjoyed such exceptional opportunities of 
studying the ground, and who jiaid particular attention to this subject, 
as is ])roved by liis admirable account of the superficial deposits of Western 
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Til)ct,' makes less distinct mention o£ glacier extension licrc than at 
much lower elevations to the south. He does, indeed, describe deposits 
of the glacial period, but as being scarcely different from the actual 
torrential dei)Osits : and to the other marks of glacier-action there is very 
little allusion. The spurs at the edge of the Deosai plain are said to shew 
signs of ice-moulding,^ and a few instances of contorted alluvium arc 
attributed to the presencie of glaciers at lower elevations than at present ; 
but Mr. Drew^s chief argument, so far as his work has proceeded, for the 
influence of the glacial period in Tibet is the indirect one — ^to account for 
the excess of disintegrating action, whereby the river valleys became choked 
with diluvial matter. It is even remarked (/. c., p. 470) : Whether in tliat 
period there was any variation in the transporting power of the streams, 
I do not at present see my way to determine ; the material is, as a wliole, of 
the size that is even now brought down by the streams, taking the spring 
and occasional floods into aecoiint.^^ Wliat these occasional floods may 
do has been already stated (p. 516). On the whole, the published de- 
scriptions of Tibetan regions are not what might be ex])ected, had the 
ground been deejdy covered 1)y ice, as would snicly have been the case at a 
time wh(ni on the southern side glaciers reached so low as 7,000 feet. But 
these doubts are only conjeciural, and intended to elicit farther research. 

The Hundes lake-basin. — The immense extent of what we may 
conveniently (until we know more about them) call post- Himalayan 
de])Osiis^^ in Tibet has already been indicated in our remarks on the plain 
of Hundes (j)p. 646-51) ; wliere some doubt was hazarded as to whether 
the remains of the extinct mammalia were really derived from the undis- 
tiirhed deposits of that high-level basin. If the glacial epoch test 
might be a])plied here, it would confirm the supposed Siwalik age of 
these beds ; for General Richard Sti’achoy mentions the existence of old 
moraines uj)on them.* From an observation recorded by Captain Henry 
Stracliey ^ it would seem that they are truly lacustrine ; he speaks of the 
ground by the name “ Gngc” and says that the deposits ‘^appear to 
consist of more finely comminuted material in their central part, where 
furthest distant from the mountains, the great ravines there being 
flanked by cliffs half a mile high, which cxliibit throughout their thick- 

* Drew : “Alluviul uiiil Lacustrine Deposits uiul Gljicuil Records of the Upper Indus 
liasiii,” Q, J. G. S.. 187ih XXIX, p. 41*1 j and “ Juinmoo and Kashmir 'J’erritories,” 1875. 

The pa])er in the Qiuirterly J(»urnal is headed Part 1, and only treats in detail of tho 
alluvial deposits ; it is uiiderst(K>d that the “ Glacial Records ” were to have been descrihed in 
the second portion of the. i)tiper, which has mjt yet been published. 

- Q. J. G. S., XXIX, p. 46G. 

3 Q. .1. G. S., Vll, p. 310. 

* ‘*rii>sieal Geography ot Western Tibet,” Jour. Roy. Geogr. Soc., 185:1, XXIII, p. 19. 
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ness a fine homogeneous clay with little {travel in it. The stratification 
of the alluvium seems to he horizontal in all eases, or at most very 
slightly sloped from the mountain foot: to the valli^y middle, in accord- 
ance with the existing directions of the drainage. I have o]icc or 
twice seen small faults, where some of the strata had Ix^come canted 
from the horizontal for a few yards ; but never anything like a general 
disturbance of the original position 

It is not known whether this great lake-basin is now a rock -basin, or 
if it ever was ; and, as we shall see, there are other larger and more lofty 
lake-areas, the origin of which is distinctly attributed to the damming up 
of the gorge of discharge. The fact that the gorge and the deposits 
themselves liave been re-excavated to so great a depth, is another point 
ill favour of the greater antiquity of the Ilundcs deposits ; and, on the 
whole, the balance of evidence is in favour of their being of late tertiary 
(Siwalik) age. It would be a crowning proof of the fact, already sufficiently 
established (p. 570), that the great Himalayan river-basins existed in 
Siwalik times, as now. A comparison of . the state of these deposits 
with that of the older tertiary deposits of the Indus valley, is a further 
suggestion, that the post-Siwalik disturbance was quite a minor, or collate- 
ral, effect of that which produced the .contortion of the mountains. 

Lingzhithang and Kuenlun lake-basin. — The great lake-basin 
of Lingzhithang, and the Kuenlun plains,^ are in a much newer ydiase of 
existence than that of Himdcs, although of greater extent, and at a 
higher elevation. They stand at the main Himalayan watershed, north 
of the Indus ; and have apparently been redaimed from the northern 
drainage area. They are now in the last stage of extinction as lakes, 
having numerous small shallow tarns and pojids of salt water still left in 
the lowest depressions. They occupy an area 100 miles long from north 
to south, with an average width of 70 miles, divided by the Lokzhung 
mountains, or what is left of them ; for the watershed in the gorges is 
only 300 feet above the southern x>lains, and altogether on gravel ; while 
some of the peaks range to 21,000 feet. The Lingzhithang plain, on 
the south, has an elevation of more than 17,000 feet, and the Kuenlun 
plains 10,000. The original outlet is supiiosed to have been at the 
north-east corner, into the eastern Karakiish valley. This became 
choked by fan-deposits from the lateral gorges ; and so the lakes were 
formed, and ultimately the jdains. 

Tso Moriri and other basins. — Mr. Drew describes several other 
similar areas, on a smaller scale; such as tlie little salt-lake plain of 

* Drew : “ .luunuoo iiiid Kasliiiiir TcrritDiicii,” p. 331 . 
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Rn]).s])u, and the saline lakes of Pani^kon^ and Moriri — all attributed to 
tlie same mode of formation. The Tso Moriri gives the most distinet 
illustration oL‘ this process; thePhirsa stream brings down to the main 
valley more debris than it can carry on, and tlms has raised a dam 
across tlie valley. The greatest depth of the lake is 248 feet ; but tlie 
fan of the Phirsa a])parently has that depth, besides being now, at its 
lowest point, about 100 feet higher than the lake. 

Around all these lakes and lakc-jdains there is- clear evidence that 
tlie waters have formerly stood at a much higher level. This fact 
points to a continuance of the cause which originally gave rise to 
these lakes — a ])rogressive decrease of precipitation and increase of eva- 
j)oraii<>n, whereb}' the carrying power of the streams has become more 
and mori! out of proj)ortion to tlie rate of disintegration of the rocks. 

Alluvial deposits of Tibet. — This clear evideiu^e of a change that 
is still in operation is tlu* more noteworthy, as it is apjjareiitly the 
r(*verse of a proccjss^which is aj>j)ealed to in explanation of a more wide- 
spri'jul development of otluM’ d('])osits in the valleys of Tibet. Mr. Drew 
makes a very important distinction between lake-dejiosits and viver- 
de])osits, or alluvium ; the principal criterion being the horizontality of 
the former, their lamination, and the absence of larger, current-borne 
materials : and he considers that the great accumulations of debris 
found in almost ev(*ry valk'y, high above the present stream level, ^ 
are river-deposits, not lacustrine; also, tliat they were deposited since 
the valleys were ei’oded to about their present depth ; and tliat, therefore, 
a double change took place in the relative carrying j)Ower of the streams, 
before and after the formation of those deposits. In this case the 
changes of balance are a(?counted for by the abnormally increased dis- 
int(?grating action from the cold of the glacial period ; to which time 
these beds are thus rehigated. This is, in fact, the principal evidence 
refeuTod to for tlie glacial epoch in Tibet. The general descrijition of the 
nature of these deposits is (pioted above (p. 670) ; and it^is hardly 
what one would have expected from the supposed conditions. May not 
these t>ld valley deposits be in part the result of temporary lakes, such 
as may at some time or other have been formed by obstructions at 
different points of the deep valleys; and in part, deposits of the time 
when the valleys iirst stood at those levels ? The Indus is now laying 
out alluvial ])lains at several jioinis of its valley in Tjadak. 

The Kashmir basin.— None of the Tiljctan lake-basins, actual or 
extinct, are known, or su])posed, to he rock-hasins. Indeed, they arc 
})latcaus as much as basins, on account of their elevation, and because 
the height and width of the lip separating them from ground at a much 
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lower level arc inconsi(lcral)le. This is remarkably the ease with the Liug- 
zhithang basin. The Kashmir valley is much more basin-shaped. Its 
length is about 84 j miles, and in width it varies from 20 to 25 miles^- the 
lowest elevation is 5,200 feet, the mean for the whole valley being about 
6,000 feet, or 5,000 feet above the plains of the Punjab, from which it is 
separated by the Pir Panjal range, the lowest pass in which is 3,000 
feet over the valley. Kashmir is still in part a lake-basin, and a much 
larger part is occupied by very low alluvial land, formed by the overflow 
of the actual rivers ; the rest is occupied by flat terraces and plateaus, 
from 100 to 300 feet above the alluvial surface, and known by the ver- 
nacular name karewas. Both surfaces rise as they come within the 
influence of torrents and rainwash from the surrounding hills ; in this 
way the ka-rewa surface rises to an elevation of 7,000 feet. 

Colonel Godwin-Austen^ observed that at the outer edge of the valley, 
especially on the south-east, the karewa deposits have an inward dip of 
more than 20°; and he estimated their thickness at 1,400 feet. Through- 
out this thickness the remains of recent, land and fresh-water, shells were 
repeatedly found, also j)lants and fish scales ; peaty layers also occur at 
several horizons, indicating a succession of land surfaces, alt(anialing with 
the lacustrine deposits. Mr. Drew" confirms the opinion, that the karewa 
deposits are lacustrine and not alluvial ; but he seems (/. c., p. 212) to 
sueirost a distinction between these disturbed beds and the material of 
the karewas proper. Mr. Lydekkcr,'^ however, describes a ])erfcctly 
gradual transition from the disturbed blue clays and conglomerates on 
the outer side of the v.alley, uj) into the horizontal pale tine sands and 
loamy clays forming the plateaus in the centre and on the inner (north- 
east) side; but he suggests the convenient distinctiion of upper and 
lower karewa dcj)osiis, and considers that the former may be of upper 
Siwalik age. 

It seems most likely that these deposits now lie in a rock-basin, the 
tilting of the lower strata probably corresponding with a late relative 
rise on the side of the Pir Panjal. Colonel Godwin -Austen and Mr. 
Drew, however, only refer to possible obstructions in the Jlielurn valley 
in connexion with the old lake; although the latter observer {L c., p. 211) 
contemplates its having risen to a level of 7,000 feet above the sea, that 
of the highest karewa slopes, or to 1,800 feet above the present lowest 
level of the valley. The possible source of doubt in this estimate lies in 
the uncertain distinction between true dt'posits in water and the results of 


1 Q. J. a. S., XX. p. 383. 

^ “ Jumiudii iiud Kushniir Torritorics,” ])]>. 161 to 212. 
a Uoc. (J. 8. 1., XI, i>. 32, 
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rainwash. Mr. Drew decides that the ancient hnildings in Kashmir are 
subsequent to any hut the recent deposits of the valley ; and no relies of 
man have been found in any beds older than recent. No undoubted 
marks of glacial action have been observed in Kashmir lower than 500 
feet above the valley ; the evidence of sudh action at a lower level is so 
far confined to quasi-erratics in or about the gorge of the Jhehim. 

The Nepal valley. — The only other valley at all comparable with 
that of Kashmir is Ne])iil, ^ in the Lower Himalayan area. The superfi- 
cial differences correspond with those that mark the structural characters 
of the two regions ; both are longitudinal valleys, lying in the general 
strike of the strata ; but the clear open oval area of Kashmir approx- 
imately coineides with the elliptical synclinal depression of the calcareous 
upper palaeozoic strata, a form that is so generally marked wherever the 
Himalayan disturbance has been unobstructed. Nepal, on the contrary, 
is rather a group of confluent valleys, with high dividing spurs : in both 
directions, on the prolongation of the strike of the rocks, there is a con- 
tinuation of the special excavation of the mountain zone ; and the rocks 
of this zone being prevailingly calcareous, has suggested the conjecture 
(I, c,f p. 9^) that the feature is primarily due to erosion by solution ; as 
may also be the case with Kashmir. Another cause, however, and ihe 
proximate one {L c,, p. J()()),of the formation of a lake-basin in Nepal, 
was probably, in j)art, a relative rise of the hills on the south ; for hei'e, 
too, the l)()ttom beds of the valley deposits have undergone local dis- 
turbance on this side. 

These deposits correspond very closely with those of Kashmir. There 
is no remnant of a lake ; but Ihe other features arc alike. An extensive 
upland area, known as ta7/r land, corresponds to the karewa of Kash- 
mir, and to the bhangar of the Gangetic plains It is the surface of the 
old lake-deposits, no doubt considerably modified by waste in the central 
parts, and by rainwash accumulations near the hills. The streams flow 
a-t a depth of from 50 to 500 feet below this surfacjc, according to posi- 
tion ; but here too, as in Kashmir, they arc now, for the most part, subject 
to overflow, and thus form the alluvial valleys, known as Molas, the 
khadir land of the plains (p. 403). Beds of serviceable j)eat, much 
used for brick and lime burning, occur at various levels in the valley 
deposits ; and there is also a blue clay, extensively used for top-dressing 
the lk‘lds, and the fertilising virtue of which seems to be due to the 
pho.sphate of iron (vivianite) freely scattered through it in blue s])e(‘ks. 
No fossil remains have, as yet, been found in any of these deposits. Any 


* lU'c. a s. L. Yiii,p. na. 
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trace of glacial action is also wanting in Nepal ; not even the doubtful 
erratics occur. But such could only be expected on tlic assumption of 
very advanced glacial conditions ; for Kathmandu is only 4,509 feet high, 
and the valley is not traversed by any river from the snowy range, but 
forms the head- waters of the Baghmati; the highest summit of the sur- 
rounding ridges being Phulchok, on the south of the valley, with an 
elevation of 9,720 feet. 

Other lakes. — There are a few insignificant lakes near the outer 
fringe of the mountains, which may be accounted for in the sanie way, 
or by obstruction caused by landslips. .A cluster of such ponds lies about 
Naini Tdl ^ ; and some occur also in the Sub-IIimalayau zone, as at 
Kundlu, on the road from llupar to Bclaspur. Mr. Mallet describes 
some tiny lakes at the edge of the tertiary zone in Sikkim, as formed by 
landslips. In one, the stumps of the trees that were growing on the 
sides of the valley at the time, arc still standing. 

It is apparent how very different are the lakes, actual or extinct, of 
the Himalayas from those of the Alps; the distribution of lacustrine rock- 
basins in the latter ground being as markedly marginal and transverse, 
as in the former it is internal and longitudinal. Yet it is quite possible 
that both may be principally due to a like cause — changes of level 
in the mountain mass, due to lateral pressure, wliich would take effect 
variously, according to the form and dimensions of the ground affecjted.'^ 

Drainage lines. — In connexion with the alluvial and related de- 
posits, a few suggestions may be made regarding the drainage. Ilivers arc 
oJic of the most palpable, most widespread and ceaseless agents of 
geological elianges ; and dwellers in India have before tln;m unsurpassed 
examples of the magnitude of their operations, both for construction and 
destruction. Yet we have hardly outlived the time when much of this river- 
action was ignored. Until recently, the deposits forming the great 
Indo-Gangetic plains were regarded as of marine origin. The positive, 
constructive action of rivers is now better understood, as it is, of course, 
more open to observation and verification ; and use has been made of‘ 
it al>ove fp. 570) to shew the antiquity of the rivers and of the moun- 
tains (or at least of the laud-surface) from which they flow. The 
negative or destructive operations are much less suscej)tible of direct 
proof ; and accordingly there are still some who believe that the great 
gorges and valleys of the inouiiiains are tlie gai>ing fissures of the 
fractured earth. In detail it is perfectly t;asy to confute tiiis supposition ; 


i Hall: Rcc. G.S. 1., XI, ]>. 174. 

Mom, G. S. I., XI, p 7. 

3 Q. J. G. S., XXIV, p. 51. 
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to shew in countless instances that the roets in the deep gorges of the 
river-beds are not, and never have been, so fractured ; and once the door 
is closed against this vein of semi-oceult hypothesis, a rational inter- 
pretation of the forms of denudation, based upon known and measurable 
modes of action, becomes possible, and a new record is opened to the 
geologist. 

The conditions of this mode of action have never been very systematic- 
ally formulated, although few natural processes have to work with so 
simple and axiomatic a rule — ^that water will not rest unsuppoi’ttHl 
upon a slope, and must flow by - the lowest (*hannel of escape. The 
uncertainties of the problem arise from unknown partial interferences, 
by ground movements, with the original levels ; but of these influences 
also, evidence should be forthcoming, as is that of the changes which 
occur normally in any large drainage system, whereby an originally 
transverse^ drainage may become by itself more or less converted into 
main longitudinal channels. 

This normal process of formation of river-systems is too well 
understood to need explanation here " ; and it is evident that abnormal 
changes of the drainage lines, by local disturbances of the ground-levels, 
should also be traceal)le ; though it might not always be easy to assign the 
exact cause ; for example, a small additional tilt of the outer range would 
have sent the drainage of the old Nepal lake down the longitudinal valhy 
to the south-east ; but the gorge of the Baghmati would have remained 
as a permanent testimony of a former state of things. 

We may now indicale the application of these considerations to some 
features of the Himalay.as, Tlie case of the Chiniib has been already 
noti(‘ed (p. 562), where it passes by a deep narrow gorge at Blassi 1h rough 
a lofty ridge of palsBozoic limestone, surrounded by much softer tertiary 
rocks, the ground to the north being several thousand feet lower than 
the crest of the ridge. That gorge not being a Assure — it is tortuous, and 
the rocks arc perfectly continuous and unbroken across the river-bed at 
both ends — it must have been slowly excavated by the river ; and tbrough- 
out that j)rocess the ground to the north must have been higher th.an 
the river in the gorge, and so originally higher than the present erest of 
the ridge. It cannot be asserted that the siirl’aee to the norlli of the 
ridge was ever higher than it is now ; for the disintegration of the tert iary 
rocks and the erosion of the gorge may have ke])t pace with the gradual 

* Si‘c imit', p. 529. 

“ For ail i\dmiriil)U‘ illustvntion of ilic process r(?f erred lo in the text, see n i>a]H*r liy Mr. 
Julies, “On tlie mode of Fornmtioii of some of tlie River Valley's in tlie south of Irclimd,” 
Q. J. G. Sm XVlll, p. 378, 1862. 
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elevation of the whole ground ; while the resistance of the older rocks 
preserved them to be elevated to their present position. Or, the ridge 
being distinctly a case of locally greater upheaval, the erosion of the 
gorge, on the primitive course of the river, must have kept pace with that 
special elevation ; for otherwise the stream would have made a new channel 
through the softer rooks. But the fact remains absolute, that within the 
lifetime of this river, the rocks forming the crest of this ridge must have 
been lower than the ground to the north. 

More important, though less striking, are the cases to be found in 
the higher mountains. That all the great Himalayan rivers have their 
sources well to the north of the line of greatest elevation in the main 
snowy range, has for long l)een a familiar fact ; and also that the three 
largest of them — the Indus, the Sutlej, and the Sang})o or Brahmaputra 
—run for great distances in longitudinal courses within the mountains, so 
as almost to draw their head- waters from a common source in a middle 
position. We have no direct observations upon the gorges of these rivers 
in the high mountains, as to whether they can be regarded as lines 6f iis- 
sure; but all the collateral evidence is decidedly against that assumption. 
We may at least glance at the cpicstion as if these river-courses bad been 
selected under the simple conditions that govern formation by erosion. 

We cannot here assert positively, as in the case of the Riassi gorge, 
that the river valleys through the snowy range were originally filled by a 
mass of rock, continuous with the mountain crest on either side ; although 
the prol)ability is that they were very approximately so ; and it is quite 
certain that prodigious erosion has taken jdace in those positions through 
the agency of the rivers. It can then be absolutely asserted {if toe ignore 
ike supposition of original fissures) that throughout that process of erosion, 
and at its origin, the whole ground to the north was higher than these 
transverse drainage lines, through what is now the main mountain range ; 
and, therefore, that this range (as such), at present the most conspicuous 
feature of the mountains, is of later dah? than these river channels. 

The facts further j)ointto the probability that the present longitudi- 
nal character of the Himalayan drainage may have been more or less 
brought about from an original transverse type, by the normal process of 
change alluded to in a previous paragraph. The gorges of the greater 
torrents, the Sutlej and the Indus, are much dce])er than those of the 
other rivers draining through the mahi range; and they may thus in 
process of time have intercepted and drawn off the original head-waters 
of the latter streams, which may have originally drained from beyond 
the basin of the sedimentary rocks. No doubt the stoiy may have 
been otherwise, and these longitudinal rivers may have been more or less 
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aboriginal, tbroiij>h- circumstances that arc easily ima..i?iucd ; but the 
question is not beyond the range of evidence ; and the fact that the 
minor rivers have been able to open, or keep open, ^ passage through 
what is now a great mountain barrier, is suggestive ^hat for a consider- 
able iieriod they had a larger sourcje of power than new. 

These considerations upon the drainage system lend some sujiport to 
views upon the mountain structure derivable from the rocks. It has been 
suggested, witli some probability, that the great scdiinentaiy series of the 
Central Himalayas was originally laid down in a eontinuons basin of depo- 
sition, though now broken up into great synclinal basins of disturbance*, 
represented on the north-west by the Zanskar and the Karakoram areas ; 
also, that the central gneiss of the main range and the Lower 
Himalayas has always been an elevated mass relatively to that basin of 
deposition. Upon these seemingly probable inferences (or assumptions) 
the giieissic axis of Lad/ik now dividing these basi’‘s of disturhance, and 
formed in whole or in great jiart of melamorjihic pa^^^^^^uc ■ rocks, must he 
considered as the chief and central feature of IIimal?‘*^Ah disturbance, and 
the line upon which the greatest amount of nphea^^i occurred, whatever 
elevation it may at any time have attained. TbeHrainage system, at 
least in tlu; middle region of the mountains (Himdes), strongly suggests 
that it originated from that central axis of disturbance as a line of 
relatively greatest elevation ; the fact that the drainage took its origin 
from a naterslied somewhere to the north of the present main chain 
being a certainty. 

Two views are compatible with the facts : either the elevation of the 
whole area was ccpiable, and Hie original spill from that central crest of 
upheaval, across what is now the position of greatest elevation, has been 
maintained simply by erosion, the present less elevation of the central 
range (Ladak axis) being also a result of denudation, as may well be the 
ease ; or, there has been a subsequent special elevation along this line of the 
present main Hirniilayan range. In this case, this special upheaval must 
have been so gradual tluit the erosion of the passes could keep pace with 
it; or else these had been for the most part cut down before it set in. 
The hitter supposition, of a partial later elevation of the Himalayan rangii 
])r(q)er, would hel]) to account for the groat lake of ITuudes; altliougli 
the basin itself, as formed by the drainage of the Sutlej, is jirobably 
of older date. In the case of the limestone ridge at Riassi, we could 
shew that such a special marginal upheaval had taken place; for that 
limestone at no very distant period had formed part of the level btxl 
()1 tlu* numiUTilitic sea, and so, at the commeiieemcnt of the disturbance, 
miisl have stood at a lower level than the Ujiper tertiaiy rocks to the 
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north of it. The case is different for the gneissic axis of the main 
range : we have seen reason to think that from very early times it has 
formed a relatively elevated mass ; hut we have also (p. 604?) shewn rea- 
son to suggest that this fact may have led to its special elevation under 
certain conditions of disturbance by compression. 

Summary. — Beyond the fact that a very full sequence of formations 
has been j)ala)ontologica]ly established in the Tibetan r(‘gion.s, there is 
little to bring forward from this chapter as general results.^ 

(a). The relation of the lowest strata of the slate series on the Til)etan 
side, to the gneiss of the main chain and of the Lower Himalayan area 
(p. 628), indi(;atcs their wide separation in age, and, .so far, agrees with 
the more marked stratigraphical break between that same gmnss and the 
slate series to the south of it, in the Lower Himalayan area (p. 6:20) ; 
so far confirming tlie probable equivalence of the two slate series, and 
establishing this gneiss as a primitive rock in the Himalayan series, 
forming here a sort of neutral block in the disturbances that have j>ro- 
duc(?d the mountains. It might thus, too, be regarded as having formed 
her(^ a primitive Himalayan range, from which the quasi-erraties of tlie 
Pangi slates were derived (p. 664) ; and Dr. Waagen in the pa])er just 
quoted (see note) makes use of it in this way to account for the con- 
trasting life-conditions of the areas north and south of it, througlioiit 
the palaeozoic and mcsozoic epochs, thus connecting it witJ) the 
Peninsular rather than with the true Himalayan region. However this 
may have been in j)re- Himalayan times, considerations upon the drainage 
system have suggested (p. 676) that since eocene, or, at eailiest, 
cretaceous times, it has not always been, as now, the ^^rineipal crest of 
Himalayan elevation. 

(^). The few instances of thinning out of deposits that occur in th(i 
mcsozoic formations (p. 643), again indicate this Lower Himalayan 
area as a southern limit of deposition ; although in several of the groups 
there is no symptom of any such limitation (j). 642) . 

(6’). TIk* extensive metamorphism of the paheozoic rocks inotlaT posi- 
tions, es])ecially on the central axis in Ladak, may suggest the opposite 
condition in those positions — that a greater depression and a(M‘uinuIation 
of deposits had occurred there; unless that mefatnorphic state is to he 
accounted for by the greater eornpression and upheaval of which tliose 
positions have been the loci, 

1 For a partial comparative! discussion of tlio ])ala'onloloc:ical data, \vc msiv refer 
our renders to an essay by Dr. Waajrcii in the Donksi-liviltcii »1. AIat’.i.*Xatu\viss(!ii- 
cbaftliebeii Classc d. K. Ak. d. Wisseiiscliaftrii. Wioii., Vol. XXXA'lIl. 1S7S; and Dec. 

G. iS. 1. XI, rt. 4, 1878. Tliis general subject is also treated of in tlie Introduction. 
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(d). Til i]»o eontnil, as in the outer Uimalayas, tlic relations of the 
tertiary rocks are of chief importance in the history of the mountains ; 
and already some interesting* points have been made out. Prom the 
Sub-Himalayan sections it was shewn (p. 569) that an eocene land had 
existed in the Himalayan area. The distribution of the nummulitic 
deposits in Tibet, so far as accurately known, would iiuhijicndently sug- 
gest the same fact : they are totally cut off from connexion with fill 
preceding deposits, and now lie in a compressed trough, diiefly in coiitMct 
with the metamorphic paheozoic strata, in the very cenire of Himalayan 
disturbance, where presumably the maximum of total upheaval took 
pla(^e (p. 678), i. c., including pre-tertiary with post-tertiary elevations. 
After fhe cretaceous epoch, a prolonged elevation set in, involving the 
corresponding denudation of the whole sedimentary series down to the 
altered palaeozoics, and the rise, on adjoining areas, of mountains Imving 
a height at least equalling the thickness of the mesozoic series ; 
this position of maximum upheaval, on the Ladfik axis, j^n*responding 
with that of greatest denudation, where subsequently the e^^ene deposits 
were accumulated. It is, of course, clear that at the oeginning of 
the tertiarics, these depressions of the Himalayan area were still, or 
agai^^ at the sea-level. This preliminary, pre-tertiary stage of Hima- 
laya'^^^elevation, of the whole area we now speak of as Himalayan, would 
very ^ (floscly correspond with the period of the Deccan trap of the 
Peninsula. 

(c). It is a point of very great interest toasc^ertain how far, if at all, 
that pre-tertiary elevation of the Himalayan axis was accompanied by the 
disiurbance of contortion which is the special character of the Himalayan 
mountains (p. 6**14). No fact is better established in the Sub-Himalayan 
zone, at two distinct points fp. 569), than that the special disturbance of 
the Silurian slates there is altogether post-eoccnc, subsequent to the 
elevation of the central area, as just described. Can it have l>een so 
also in the central region ? If so, the history of the mountains would 
be brought within a narrow compass : abroad, unbroken, pre-tertiary eleva- 
tion of the area (clause d), followed in middle tcrtiaiy times by abreak-u]> 
and compression into flexures. If not, if the plication also of the central 
region preceded the deposition of the Indus tertiaries, a pretertiary 
act of special Himalayan disturbance would be marked ofP, distinct 
from that which produced such great efPects on ihe southern border of 
the mountains. It is certain that extensive crushing and folding of 
the central region, with irruption, took jdacc after the Indus tertiarics ; 
but there is no observation as to whether in degree, or by dis- 
cordance, it can be distinguished from an earlier contortion ; and thus it 
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is still an open question whether the special Himalayan disturbance is 
altog’ether post-eocene. 

{f). There remains the important question, how far the rising* of the 
mountains to their present elevation coincided with the act, or acts, of 
plication {ecrasement, mashing ; note, p. 6(57) ? It is quite clear 
that the special Himalayan contortion had bc(?n practically completed, 
and the mountains had very approximately assumed their present 
sculpture, when the undisturbed strata of the Hundes basin were depo- 
sited (pp. 651-670). If those deposits are Siwalik, it would ho plain 
that the very considerable contortion of the latest Siwaliks of the 
Sub- Himalayan zone took place, as has been suggested frt)m other facts 
(p. 570), long after the principal contortion of the mountains, as a 
whole, and after they had approximately assumed their present contours. 
Tlicre remains, however, the very important question of elevation, as 
distinguished from form and structure : it is strongly objected, that 
the rhinoceros could not have lived at the present elevation of the 
Hundes deposits. When the possibilities of this condition are fixed, 
we may be able to record another, and perhaps the latest, event in the 
physical hisi^ory of the mountains — a great continental elevation of the 
area, witliout sensible contortion of the rocks, and after the sculpturing 
of the mountains to very nearly their present shape had been accom- 
])]ishod. Any clear evidence of simple and extensive upheaval, distinct 
from, and long subsequent to, the chief special plication so characl^eristic 
of the mountain region, would be an interesting contribution to the 
theory of mountain-formation. 
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CHAPTER XXVIII. 

KXTRA-PENINSITLAR AREA. 

TTIK ASSAM RANGE. 

Ami to be (loseribecl — Pormfitidns j>rcsciifc — Goiiortil striietnni — The Sylliet trap — Tl.e 
crctuceous series: Kliilsi area — Gsm) urea — Mikir area — The nuiiimiilitie s(Tie» : 
Klaisi area — (laro area — Eaeteru extension of the nnmniulitics — The ii})per 
iertiaries — The Naj^a coal-fields. 

Area to be described. — The ground to he described in this 
chapter is a kind of residual area^ for which even a nanui has io be in- 
vented. Assam, as known in ii^eog*m))hy and in tlie An^lo-lndian verna- 
cular, is the valley of the liralimaputra, from the lirabmaklmnd to 
Dliulni, a direct distance of 420 miles ; a.nd this has been already de- 
scribed in the chapter on post- tertiary deposits (p. 405). The northern 
border of the valley has also been des(*ribed‘in the Himalayan (diaptcirs 
(pj). 545, ()](S). Th<‘re niinain the hills bounding the valley continnously 
on the south, and now included in the province of Assam, I’ccently 
formed into a local i^ovmiment, under a Chief Commissioner. The close 
coiin(‘(*tioii between the hill tracts and the Assam valley justifies us in 
s])eakin^ of tliese hills collectively as the Assam Ran<^e, in order to 
use one »^cneral term instead of the five cr six names now applied to 
different portions of iJui hill country, as was explained on pa<»*e 27. 
This confusion of names is, however, to a great extent founded on tlie 
undeeided or contrasting features of the ground, as may be appre- 
hend(*d from the statxanent that more than half of this range lias 
already lieen described as structurally belonging to the peninsular area.^ 
The hills form(‘d of these most ancient rocks, and ocxuipicd by the 
Ciaro, Kluisi, Jaintia, and Mikir tribes, are for the most part low and 
very irregular on the north side, with numerous outliers in the Lower 
Asham valley, even close up to the Himalayan border (p. 522). On 

' Por the* little we know re^urdiii^ the jjfiieiss foriniii": the ^eat mass of the lulls, ex- 
temliui? for 250 miles, hetweeii the Dhaiisiri and the Lower Brahma, putni, we must refer 
the reader to 2Gj and the transition rucks associated with the metaiiiur])hics are 

noticed at page 10, 
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the south and south-east the inotamorphies are everywhere overlapped hy 
very mueh newer strata., up})er seeondary and tertiary, whicih in this 
position are still nndisturlx'd ;and so form plateaus ]»(‘t\ve(»n tin* d(‘ep river 
^■ori^ijs, with a. searped faec aloni»* a rejL»*ular line to ihe soulh. To 
the south of this line, the same neozoi(t strata are greatly distur])ed ; and 
eons(j(|uently form hills of very different outline from that of the ad- 
joining* table-lands. This n^marlcabh* feature is badly seen in the middh? 
reg*ion, that of the Khasi and Jaintia hills, wh(‘i*e the alluvial plains of 
Sylhet reaeh nearly to the base of the plateau, with only a very narrow 
inUu*vening* outeroy) of the disturbed roeks. To the wt^st, in the Giiro 
country, the frin^in^ zone of low hills is somewhat broader, between! the 
])lains in Mymensin-gh aiid the crystalline roeks of the Tura ridg-e. To 
the east of Jainti*a, a complete change i^akes yJaee rapidly in the relativi? 
magnitudes of these contrasting features ; the dividing line curves 
gradually io the north-east, so as to emerge in the lTy>j)er Assam valley, 
near Oolaghat, on the Dhansiri ; while the formations in the zone of dis- 
turbance expand enormously in the Naga (jountry, and ris(^ into a range 
of hills that quite overlooks tlu* crystalline area. In North Caclnir this is 
known as the Barail range, and its prolongation to the north-east., 
seyjarating Upyier Assam from Maniymr and Burma, is called the Patkai 
range. It is confluent with, and a member of, the Iiido-Buriiuise 
mountain -system, of which the Barail- Patkai range may be considered 
a border zone, near the original margin of the d(q)osits wliieh j)rinciy)ally 
constitnte that region of sj)eeial disturbance. 

It is thus yJain that the Assam Bange is made up of two very dist inct 
portions. Besides its strong y)etrologiea.l rescmhlanee, the chara(dci*s 
sustained l)y the gneissic mass, as an area at least y)artially, reserved 
from de])()sitioii, and as a neutral block of ground, unaftoeted hy the dis- 
turbances that have operated so j>owerfully in adjoitiiiig areas, mark it 
chairly for affiliation to l\Miinsular India. For these reasons it has been 
described in that connexion, and distinguished from the adjoining 
hills under the title of the Shillong ])lateaii. ^ Thus oidy the newer 
formations of the range remain to be noticed. Tbc description must be 
given in the same disjointed manner as for the Ilimalayan area, because 
our information - is equally fragmentary in the present case. 

1 Mnn. G. S. I., IV, p. (427). 

- Tin: j)apt*rs roi\;r to tlie gri’ound uudor description : — 

Oldliiim ; Mciri. O. S. I., 1, p. 09. 

Mcdlicott: Mem. G. S. I., IV, p. t387) ; VIT, p. (151); Ilec. G. S. 1., VII, p. 58. 

Mallet; Mem. G. S. 1., XII, l»t. 2. 

Godwin-Austeu ; J. A. S. B., XXX VI 11, 18G9, Pt, II, p. 1. 
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Formations present. — The rocks to be described have only been 
studied with any care in two positions, far apart : one, on the Khasi hill 
section, at Chcrra Poonjcc, and one in the coal-fields of the N%a liills, in 
U])per Assam; and althoug-li the formations in both are, presumably, on 
the same j^^cncral horizon, the petrological differences are so great, that 
no exact correlation of groups can be attempted. In the former ground 
the rocks arc seen resting upon, and immodiatoly eoniignons with, tlie 
gneiss, and some very noteworthy variations of composition in the seve- 
ral groups have been o1)served in this position. The gneiss does not 
appear near thcNaga hill coal-fields, although it may und(‘rlie the u])per 
Assam valley at. no great distance. The deseri])tions of these two areas 
will be given separately; and it is only possible to give the most general 
designation of the formations as applicable to the whole area, in the 
following form : 

TEitTiAiiY SERIES. — All iminonso tlnchnoss of soft sandstones and clnyfi, 
based nptni a nnmmulitic group, in whioh liinesione is locally in force ; 
coal also occurs. 

Cketaceofs sETiiES. — Sandstoncs and shales, witli local coal basins. 

JnuHsic (P) — Tlui Syllu't trap, stratilied. 

General structure. — Tlie leading characters to 1)0 exhihited in th(\sc 
formations arc — the original termination, either ahrn]>t or gradual, of each 
against., or upon, the old rocks of the Shillong plateau, clearly marking 
this as the margin of a great basin of disposition ; and, the subsijquent 
disturhanee of the whole scdimenlary series up to the edge of the crys- 
talline mass, shewing that the hitter has been comparatively iinafPiJidcd by 
the forces that produced so much contortion in the adjoining ground. It 
is further of interest to observe that there is a. great decrease in the 
thickness of tlie s(?diment ary s(udes from east to west — a fact supporting 
the (jonjeeture of the original continuity of the gneissic artia Avith 
that of the Peninsula. It is also of special interest to find a corre- 
sponding steady increase of disturhanee from west to east, confirming the 
well-founded opinion of a direct causal relation between the original and 
induced structural conditions — between the amount of deposition and the 
degree of disturbance. 

In one respect there is a noteworthy discrepancy between the rdation 
of the gneissic mass and the newer stratified series, in the Assam Ilau go 
and in the Peninsula. In the latter the fringing marine deposits every- 
where flatly overlap a very in*egular surface of the gneiss : a similar relation 
is found where the strata rest upon the metamorphies of the Shillong 
])lateau; hut in this Shillong ground there is a marked outer line of 
southern limitation of the older rocks, at many points of which line the 
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newer strata abut a^inst tlie elder, as mentioned above. It can be seen on 
tbe general map, and better still on the small hill-ranges map in the Intro- 
duction, that this feature would seem to belong to the Himalayan system, 
being remarkably parallel to the Eastern Himalayan border in Assam ; or 
even as if it might once have formed a continuation of the middle 
Himalayan boundary. Such a temj)orary connexion cannot, of course, 
annul the more fundamental connexion of the crystalline rocks with those 
of the Peninsula ; but, whatever this seemiitg Himalayan connexion may 
mean, it will be shewn that the feature in question is not due to the 
middle tertiary disturbance, by which the Southern Himalayan border 
was defined (]>. 570), or to the pf)st-tei-tiary disturbance, of which the 
Barail-P&tkai range is an effect : although tbe exjmsiire of the feature is, 
of course, owing to the disturbance and removal of the covering rocks, it 
will be shewn that this steej) face of old rocks is older than the Sylliet 
trap, and that it gave its form to the feature of disturbance, instead of 
the reverse. 

This distinctly local cause for a feature of direction having* such 
magnitude as tlie Jhirail-Patkai ran^e, moi*e than 400 miles long* (mea- 
sured to the Bralirnaputra), removes, or at least greatly reduces, any 
difficulty that might have been proeonecived regarding this range belonging 
to the liido.. Burmese, ratlier than to the Himalayan, system of mountains; 
although for a considerable dishince tlie two run directly at right angles to 
caeli other. The Barail, with its siruetural contiiiiiution westward to the 
15ralima])iitra, may not bo strictly a nionogcncticj eom])oncnt of the 
meridional ranges of the iwljoining area to the south ; but all the accessories 
of disturbance are common to Iiotli, as formed of immediately continuous 
foi-mations in the same basin of dcjiosition. The monoclinal Hexiiro along 
the cdg(J of the Shillong plateau may have been due to the initial act of 
dejiression which culminated in the great waves of compression of the 
Ihirmese mountains. These ex]>lanaf ions are needed to remove the prlmd 
facie imiiression of the necessary distinctness of the Assam, or at least 
the Barail-Paikai range, from those to the south, and its equally a piiarent 
relation to the Himalayas: though, indeed, this distinction does not imply 
rnneh difference; both systems of disfurhanee are soelosi^ly related in age, 
the Burmese being, perliajis, somewhat the more recent.* The Shillong 
plateau ]x>rtic)n of the Assam chain stands equally aloof from both 
areas of disturbance. 

With reference to the parallelism of the Barail-Patkai and the Hima- 
layan ranges, we may also note the contrasting structural features : in the 
Sub-Hiinalayan zone of Assam, as elsewhere, the dominant dij) of the 
rocks is inwards, towards the older rocks of the mountains ; whereas the 
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corrospondiiig tertiary formations of the Barail-Patkai rang^e, where fully 
developed, dip as (joiistaiitly southwards, away from the g*iieissie mass of 
the Shillong plateau, and towards the soutlieni basin of disturbance. 

The Sylhet trap. — 'Phe name of the adjoining* district in the [dains 
to the southward has been given to this formation, because of its con- 
iK^xion with the an;a south of the metamorphic mass of tlie Shillong 
plateau. All the other formations to some extent overlap the edge oE the 
crystalline area^ but the trap ends abruptly against a steep face of the 
gneiss. Tliese features arc beautifully exposed on the paths and in the deep 
gorges south of Cherra Poonjee. The inner boundary of the ti*ap is so 
straight and steep, as seen crossing the separate gorg(?s, tiiat the j)ro- 
bability of a faultt;d Jiuuftion is at once suggested. It is, however, im- 
mediately appaixmt that any such dislocation must be of very ancient 
standing; for the cretaceous sandstone passes over the tra]) in an unbroken 
seini-arcjh, being horizontal on the plat(‘au and nearly vertical at the base 
of the hills. I'he mode of exj)osure of the tu*upti ve formation is tluis in 
more or less detached areas in the several riviu* gorges, forming together 
an inner zone, close undtir the scarp of the plateau. The width of this 
band in the Tharia riv(;r helow Cherra is h^ss than two mil(‘s ; and the 
height above the sea at whi(di the trap oc(;urs along the inner boundary 
with the gneiss varitjs l)etwiHm 2,000 and 8,000 feet, wlii(*h may be 
taken as the minimum local thickm^ss of the formation ; for the rivers 
heni are very little above the Sylhet idain, which is nearly at the 
sea-level. 

This trappean formation belongs altogether to the l)asalti(! family, and 
has a strong likeness to the corres])oiiding rocks of the Iljijmahal hills 
and of the Di;ccan, already described. Close study might reveal distin(*t- 
ive characters; but thert* has been neither time nor o])portunily for this 
work of detail. The strati tied condition is very well seen ; and earthy, 
ashy beds prevail ; but there are many flows of hard basaltic rock, botdi 
compact and granular, somcjtimos with much olivine. No dykes were 
obs(‘rved in the trap, except at the junction with the gneiss, a boundary 
which would thus seem to have been to some extent a line of (jrupiion. 
At the head of the Li an glen (south -south -east of Cherra), some dykes and 
veins, with transverse prismatic structure, traverse the bc'dded trap, and 
penetrate the crystallines for a short distance. The same may be seen in 
the Bogapani. It is, however, plain that the junetioii with the gneiss is 
one of original coniuid : this is well seen below Mamlu, south by w(‘st of 
Cherra, whertj some 2t)0 feed, of the topmost earthy trap beds rest on the 
ineljimorphic (piartzite forming a short spur at Tarua, close to tlie general 
boundary. 
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As no sedimoTitary intertrappean beds, with or without fossils, have 
been discovered in this criij)tive formation, we can only guess at its age 
from its relation to the contiguous rocks. Thus it is evidently much 
older than cretaceous ; for it seems to have undergone botli disturbance and 
denudation before the deposits of that period were laid down upon it. 
This is well seen in the Tharia river, where the trap-flows have a moderate 
northerly inclination, and are thus transversely bevelled by the cretaceous 
sandstone, sloping rapidly to the south. No rock is seen Ixdow tlie trap, 
except the gneiss ; so there is a very wide range for <ion jecture as to its 
age. It probably coi*respouds approximately with the Jurassic traj) of 
the Ilajmahal hills, 200 miles to the west. In any other direction its 
nearest known petrological congeners would be the sub-recent volcanic 
rocks of Burma. 

The Sylhettrap has not been observed cast of the Tharia river, and 
no doubt it soon becomes concealed in that direction. It is llnely seen in 
the Jadukata, the Umblai or Kanchiang of the hill peojdo, tO miles to the 
west of Itiaria, and under very similar circunistanees ; but it is not again 
exposed in the Garo hills. It would seem as if some greater elevation 
ill the middle region, that of the Khasi lidls, to which the trap is limited, 
had brought up this lowest formation of the extra-gneissic area in tins 
position. 

The cretaceous series: Khasi area. — It is difficult to give an 
abridged account of deposits where they are subject to much elamgc, and 
for particulars of these features we must refer to tfie oi-iginal d(?s(;rij)- 
tioiis.^ In tlie Tharia river, where the strata have a veiy high southerly 
dip, there are about 1,500 feet of cretaceous beds between the Sylhet 
trap and the nummulitic limestone. The bottom 200 feet, next the tni]), 
are of massive, coarse, felsj)atliic and ochrey sandstone. The only lu'ds 
seen above this here are dark and pale grey shales, locally nodular, calca- 
reous and ferruginous, with some layers of flaky earthy limestone, and of 
fine, hard, earthy sandstone. There is a similar section on the Bognpani, 
0 miles to the west, with 13 feet of fine sandstone immediately underlying 
the nummulitic limestone, and probabl}^ re])i’esenting the Cherra sand- 
stone of the plateau. On the Jadukaln., 20 miles farther west, only the 
bottom sandstone is seen, but in greater force. Near the base of it here 
some Brachiopoda^ EcJiiuodarmal^^ and fragments of large Innccrami were 
found, and with these marine fossils numerous pie(;es of fossil resin, the 
same as occurs so constantly in the coal of this formation. This is the 
most westerly point at which marine (or indeed any) fossils have been 
observed in these de])osits. 


Mem. (i. S. I., I, p. 99. and VII, p (1G8). 
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In ascending to the plateau, a very marked change is observed in the 
character of the rocks ; the sandy element prevailing here as markedly as 
the earthy one did in the lower section to the south. About Mahadco, 
on the first ledge above Tharia, a glauconitic sandstone is prominent ; 
probably an expansion of tlie bottom sandstone already noticed. It is 
traceable at the same horizon at many points in the dill's south of Cherra. 
Marine fossils are locally abundant in it. Above this a fine pale sand- 
stone, frequently with broken fragments of plants and also marine fossils, 
is a characteristic rock ; it is often locally calcareous in a very capritnous 
manner. This band is well seein in the Langpar sj)ur, above the Mahadeo 
ledge. Above this is the Cherra sandstone, a eoarsish hard rock, about 
200 feet thick, Avhich forms tlis^ edge of the main scarj), and the broad 
ledges of bare rooks at the edgt*^^ the plateau, under the nummulitic 
limestone. No fossils have bee^ ^^hnd in it, but it passes down locally 
into the lower beds, though often sl^^rply separated from them. 

Ilia small collection of fossils from these rocks. Dr. Stoliezka recog- 
nised the following spe<acs. The highest fossiliferous band, about 200 
feet below the edge of the clifF at Maiismai, a coarse sandy limestone, 
contains small Ijamclllhranck'uita^ a ^Cetlcjjora, and cehinoderms ; a finer, 
rock is principally made up of an Adfoemuia, allied to A, decapki/Ua, 

From about the middle of the series, above Mahildeo, in a stream 
under Laisophlang, in a soft, ochreous, glauconitic sandstone these fossils 
were found : — 

Nautilus (? N tflcgans). 

Nautilus^ with a central siphon ; 
frajjfnu'iits. 

Ammonites planulatus . , 

Am. dispar. 

Am. orhignyanus. 

Am. ? pavijicus. 

A w isoreras i/idirum. 

A u is. sith’CO mj^ressum. 

JUaeuUtes, near Ji. vagina, 

Alarla papillonarea. 

Hoslvllana *paUlata, 
a osa via Ind leu. 

Ceri thlum inauguratum. 

Tri to n Idea rc(j u icn iana. 

Hemijusus cinctus. 

The facies of this group rather resembles that of the Utatilr beds of 
Southern India. 

From the well-known fossil locality about 2 miles from Tharia, 
on the fourth cross-cut taken by the foot-path between the zigzags 


JPhasianella. 

Turrilella. 

Niispira. 

Dentafium. 

Janira, near J. fieuriaiisiana. 
]L,vogijra 'math era iilana, 
Spondgliis stvialus. 

Modiola fypica. 

Cardita orbicularis, 

Curdium. 

Terehratiilaf near T. carnea, 

Memiasicr, 

llolaster. 

Urissus. 

TurbiuoUa, 
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of the road, or the first below the Devil’s Bridge, the following were 
named : — 


Nautilvs loivigatus, 
liaculitcs vagina. 

Otjpraa glohulina. 

C. jnlulosa. 
lloHtellaria palliata. 

Alaria tegulata. 

Alaria ((Gindina. 

Lyri ^ usslcosta ta, 

Vditii/i lithcii septemcostata. 
Trito n idea req uienian a . 
Latirus reusaianus. 

J^seudu Uva stt h cosiata. 
Turritella pondichcrricnsis, 
T. niidtistriata. 

Mitreola citharina. 
lHiifipira lirata. 


Gyrodes pansus. 

Gihhula granulosa. 

Nerita divarivata. 

Euptyclia larvata, 

Actaon curculio. 

Pecten septempUcatus. 

Janira quadricostata. 

Grypliaa vesicularis^ 

Spondylus striatus. 

Pecten^ near P. rugosus. 

Inoceramus. 

Pliynconella compressa, 

Terehratula^ sj)., probably T. hipUcata 
and T. carnea. 

Ananchytes ‘^several species, but distinct 
Prissus 3 from any described. 


Nearly all the fossils of this list occur also in the Arialur group of 
Southern India, hut there arc a numher of species in the Tharia hods 
wdiitfh appear to he peculiar, and most of them new. It may ho worth 
recording that the observer who collected these fossils considered the latter 
locality to be lower in the series than the former, which would be 
remarkable, if true, seeing that the Arialdr group is newer than the 
Utatur. 1 

On the jdateau at Cherra Poonjee, which is only 6 miles from Tharia, 
the thickness of the cretaceous series is reduced to (> 00 feet, and ten miles 
farther north, about Surarim, there is only about 100 feet, and thus it 
gradually disappears altogether. Its last remnants do not occur on the 
highest ground ; but in depressions, and along the edges of the gorges, 
which had also been valleys in the cretaceous time, where the softer meta- 
mor^diic rocks had been crod(;d, the adjoining higher ground l)cing gener- 
ally formed of the Shillong quartzite (p. 40). In this way outliens 
occur for some distance to the north, to near Moflong, 13 miles due north 
of Cherra. 

It is in these little primitive basins on the idateau that the cretaceous 
coal is found. The station of Shillong was for years supi)lied from a 
tiny coal-basin at Maubilarkar, between Surarim and Moflong. The 
mineral itself has a persistent character throughout the whole ci-e- 
taceous area: it is remarkable as being less of a true coal than is 
that of the overlying nummulitic group ; the texture is compact and 


* Sec Cliaptcr XII. 
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splintery, with smooth conchoidal fracture, and the coal gives a dull 
woody sound when struck ; it has the additional peculiarity of containing 
numerous specks and small nests of fossil resin. The abundance of 
pyrites is a serious defect in it as fuel. 

The top member of the series, the Cherra sandstone, seems to be contin- 
uous throughout ; it was recognised at the foot of the hills on the Boga- 
p&ni, and it covers the coal at Maubilarkar. There is more doubt as to 
the continuous identity of the bottom group. In the lower ground it is 
separated from the Cherra band by 1,000 feet of earthy strata, while to 
the north it seems to coalesce with the Cherra band. This statement 
implies that there is an apparently continuous bottom band throughout : 
in the low ground, next the Sylhct trap, the coarse bottom sand- 
stone is free from pebbles ; but as it rises on to the plateau, and over- 
lies the metamorphics, it becomes coarsely conglomeratic, made up prin- 
cipally of half-worn debris of the Shillong quartzite ; and this bottom 
conglomerate is continuous from the scarp to the most northern outcrop. 
It has, however, been observed that the matrix at different levels partakes 
of the character of the corresponding horizon below Cherra ; it is some- 
times glauconitic, like the Mahadco sandstone, and farther north it is 
locally calcareous, like the Langpar rocks. The carbonaceous elemeiit is 
the most persistent ; traces of it occur at the base of the cliff south of 
Cherra ; and we have alr(^ady mentioned the resin found mixed with 
marine fossils at the base of the series on the Jadukata. 

Cretaceous series : Garo area.— Immediately west of the Jadu- 
kdta, or Umblai, in the Habiang Oaro hills. Colonel Godwin-Austen has 
described i the cretaceous formation as made up entirely of sandstone, in 
which he could find no fossil remains, save indistinct vegetable impres- 
sions. Coal of serviceable quality and thickness was observed in many 
places ; and attention is called (/. c., p. 23) to this ground as the most 
favourable for an attempt to work the seams ; as the formation here occurs 
at the very edge of the plains, within easy reach of water carriage. 

From the figured sections in the paper referred to, it would appear 
tliat the overlap of the mctamorphic rocks by the cretaceous sandstones 
is more gradual in this position than to the cast or to the west. 

From about the Jadukata there is a slightly more northerly trend in 
the si rike of the formations through the Garo country, and this introduces 
ii considerable expansion of the low fringing hills of upper tertiaiy 
strata ; so that the line of the gncissic boundary emerges at Singmari, 
near the middle of the Assam range, where it terminates close to the 


» J. A. 6. B., XXXVllI, Pt. 2, p. 1. 
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left bank of the Brahmaputra. The importance of finding coal near 
tlie great river has led to the examination of the rocks in this neigh- 
bourhood. 

The wliole aspect of the Garo hills is very different from that of the 
adjoining Kliasi country. In the latter the undulating uplands of the 
plateau are continued on the crystalline area, north of the horizontal 
sandstones ; but tlie whole of the Garo country is a maze of hills and 
valleys, with hardly any level ground, and all at a much lower elevation 
than the plateau country to the east. The leading feature of the area 
is a ridge of gneiss, coinciding with the line already indicated as the 
southern boundary of the metamorphic mass. It culminates in Nok- 
rek, at an elevation of 4,652 feet; but is generally known as the Tura 
range, from the head-quarter station of the Gdro Hills district. It is 
important to notice that this ridge is not the watershed : the Sumesari 
(Soomeysurry) drains a large area to the north, passing through the 
ridge by a deep gorge above the village of Seju. 

To some extent, at least, this contrasting condition of the two areas 
dates from precretaccous times. Even in the Khasi hills the shallow 
basins of the cretaceous rocks shew a connexion with drainage lines that 
have been again selected by irhe present streams ; but, on the whole, 
the surface of junction is more like a general plane of marine denuda- 
tion. The coal-basins of Rongreng and Darang, on the upper Sume- 
sari, north of the T a range, are much larger and deeper. It will be 
shewn that they have undergone some special depression in tertiary times ; 
but it is certain that they are original basins, for the cretaceous deposits 
thill out against the surrounding crystallines, overlapping the coal- 
seams on all sides. This more distinctly subaerial configuration of 
the crystalline surface in the Garo area, at a present much lower eleva- 
tion than that surface in the Khasi country, is confirmatory of the con- 
jecture, suggested by the yiosition of the Sylhet trap, that the latter 
ground had undergone some relative upheaval. 

Other more or less detached basins of cretaceous deposits occur to the 
west of the Sumesari, in the upper valleys of the Kalu and other streams, 
draining from north to south of the Tura ridge. West of Tura the 
crystalline rocks become very much lower, sinking to the level of the 
Brahma])utra at Singmari ; and in this ground the sandstones arc con- 
tinuous across the prolongation of the ridge in many places. 

The original relations of the rocks are nowhere better seen thnn 
here : the spur on which the station of Tura stands, some 2,000 feet 
below the crest of the ridge, has a midrib of gneiss, with sandstone 
on both sides, through which the streams have again excavated their 
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channels. There is little or no disturbance in this locality ; and it is 
j)lain that the ridge must have stood as it does now when these sandstones 
were laid down. Thus it would seem that^ at this west end of the 
Assam range, land and fresh- water accumulations of the cretaceous 
period had more or less enveloped the gneiss of the Shillong plateau, just 
as the Gondwiina formations had covered up the corresponding rocks at 
the nearest point of the peninsular area, in the Rajmahal hills. 

The earliest notice of coal in this ground (by Mr. James Bedford, 
llcvenue Surveyor, in 1842) was in very shallow basins near the villages 
of Salkura, Champagiri, and Miramj)ura, on the low gneissic plateau 
south-east of Siiigmari. The seams are altogether valueless, being only 
(carbonaceous shale, with small strings of resinous coal. It is certain 
tliat, so far as the formation is exposed on the western side of the held, 
there is a very marked decrease of the coaly element, compared with what 
is seen on tluc Surnesari, and between that and the Umblai, as dcscril)ed 
by Colonel Oodwin-A listen ; yet the rocks arc the same throughout : a 
])alc sandstone, in wliich only traces of plants have been found. A white 
shale, or pipe-clay, is of more frecjucnt occurrence in the west. The most 
lio])eful point in the eiKpiiry is, perhaps, that the rocks arc much more 
disturl)ed and exposed in the east than near the Brahmaputra ; so that 
here the coal may lie concealed below the existing outcrops. In this 
connexion it is important to notice that, while in the Khasi section all 
the l)eds in the low ground are marine deposits, tht) coal being confined 
to high ground at the north margin of the formation, in the Ilabiang 
(Jaro hills, and on the Sumesjiri, at and below Sign, the coal is e(|ually 
found to the south of the general gneissic boundary, in what may be 
(failed the main basin of th(j formation. Thus there seems a fair chance 
of linding it in a like position in the lower valley of the Kalu river. 

Cretaceous series: Mikir area. — It is ceiiain that the cretaceous 
ro(‘ks oeeui)y a large S])aee in the Jaintia hills, where the features of the 
Khasi area are (*ontinuod for some distance; but we have no observatious 
on thaii ground. To the east of it the distinctive characters of the forma- 
tion become much disguised, probably through the substitution of earthy 
marine deposits for the coal -measure sandstone. The thin bands of hard 
sandstone, resting on the gneiss, at the falls of the Kopili, south of 
Nowgong, are supi)osed i,o be cretaceous ; and the sandy limestone, 
similarly resting flatly on the gneiss, at the Nambar, near Golaghat, is also 
believed to be of the same formation. In this river, a few miles west 
of Bor Tatar, there is a bed of the typical cretaceous coal ; and from 
Ihe same n(nghl)ourho(^d in the Mikir hills, some white pipe-clay, just 
like that of Tura, has been sent in for inspection. Thus at its eastern 
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extremity, on the south-east border, the characters of the Shillong 
gucissic area, as a very ancient land surface that has undergone little or 
no disiurbanc(j, appear to he maintained. 

Nummulitic series : Khasi area.— The northern thinning out of 
the nummulitic series upon the gneissic plateau is not so clearly seen, at 
least in the Cherra section, as in the case of the cretaceous roclis, because 
only Remnants of tlie bottom hands are preserved there ; but, on the whole, 
the evidence is convincing as to the southern expansion of the marine 
de])Osits. The nuinmulitics have not been obsei*ved anywhere to rest uj)on 
th(i gneiss, so there is no pi*oof of their liaving overla])ped tlie cretaceous 
dc})Osits ; but it is presumable that they did so, for the sequence is con- 
formable, or at least parallel and undisturbed, on a rising surface of the 
metarnorphics ; and the nummiilitics extend close up to the northern 
boundary, where the cretaceous beds are very thin, near the outcrop of the 
gneissic roeka. 

Immedialely to the south-west of the station of Cherra Poonjee there 
is a small plateau of nummulitic strata. The bottom 80 feet are of 
limestone, covered by about an equal thickness of sandstone, not markedly 
different from the underlying cretaceous rock. At about 10 feet above 
the limestone there is a thick scam of bright coal, the well-known 
Cherra coal.^ The limestone rests directly upon the rough surface of the 
Cherra sandstone, without any sign of intervening denudation ; and the 
bedding is parallel, having a southerly slope of 3®.* The fossils from this 
limestone were determined by Dr. Stoliezka : portions of the rock consist 
almost entirely of small specimens of Opcrcnllna amali/era, Nnmmnliies 
Incasana, and N. ramondi, both the last species very small ; also sj)ec‘ies 
of ccliinoderms, fragments of oysters, Pecien, Cardhm saUerij and frag- 
ments of Naticd, CerUUim, Tiirritella^ 

1 Oldliam : Mein. G. 8. I., T., pp. 140 and 185. 

•- This little plateau at Chorrsi offers a remarkable instance of a form of donndation 
tliat is not, perhaps, taken sufficient account of in j^cologicul exjdanations. The scarp is 
very regular and well defined at many points ; but the ni)p(*r surface of the area, about a 
scpiare mile in extent, is a (diaos of tilted masses of the iij)])er sandstone. This is elearly 
due to the more or h-ss complete removal by solution of the sui)p()rting limestone. A small 
stream passes under the hill from north to south. The annual niiiifall at Cherra execnals 
500 inches. Colonel Godwin- Austen (Z. c., j). 21) has descrihed a much larger instance of 
this form of denudation in the Guro hills, where a considerahle enclosed catchment 
basin is drained underground. 

.•» Th(i fossils dl^seribed from Eastern Ucngal by ?.IM. D’Arebiae and llaime in their 
" Groupe Numiiiulititpic de ITnde ” were all from ilio Khasi hills ; but their specimens were 
BO mixed, probably even including fossils fi-om the cretaceous beds, that the value of their 
identifications is doubtful. As the authors tlieniselvtjs remark — “ On voit qii’il y a nn 
certain vague dans Ics rai)ports de plusieurs des assises quo nous vciions d'indiquer 1. r., 
p. 177. 
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Close to the north of the coal hill, the nummulitic beds occur as^ain in 
equal thickness, under the native town of Cherra Poon jec. The limestone 
is not seen here ; but this may be partly due to concealment. Tlu* num- 
mulitic sandstone forms the highest ground of the plateau from ('herra 
Poonjee to beyond Surarim. Carbonaceous markings are frequent in 
it ; and at Lairangau, 4 miles noi*th of Cherra village, there is a workable 
seam of coal. It is at about the same height over the cretaceous sandstone 
as the seam at Cherra ; but at Lairangau the underlying beds are all sand- 
stone and shale, except one bottom bed of limestone, resting on the Cherra 
sandstone. In this limestone bed Operculina canalifera and Nummulites 
lamarcki are very common; with these occur a Trochoci/athm, Stjjloccenia 
mcaryiy Echinolampas spheroid alisy a small CardUay Peclejiy Naiica roualii^ 
Keilostoma marginalimy a ZizlphimiSy the small Cerithium hooheriy casts 
of a large Naticay CerUhmmy and Terehellunu^ 

Under Surarim, only 1 mile from Lairangau, this bottom bed of lime- 
stone is wanting ; and the carbonaceous sandstones themselves come to an 
end in a low bluff, 2 miles farther north, near where the road bifurcates. 
These observations clearly shew the entire replacement of a thick bottom 
band of marine limestone by a coal-bearing sandstone; or the latter 
may, perhaps, be more correctly described as overlaj)ping the former. 

The same character of the deposits is shewn by a comparison with 
the section at the foot of the hills. In the Tharia river the nummulitic 
series is as follows, all with a high southerly dip : — 


7. Limestone, coarse, massive, blue 200 

6. Sandslone, clear, yellowish, coarsisli 100 

5. Limestone, fine, compact, blue or pink 200 

4. SamlstoTie, earthy, greenish, ochrey '50 

a. Limestone 50 

2. Sandstone, yellowish 100 

1. Limestone 200 

Total . . 900 


In the parallel section on the Bogapani, below Chela, in the sandstone 
just over the bottom limestone, there is a coaly layer, which may suflici- 
ently establish the identity of these two bottom bands with those on the 
plateau above, the marine bed having increased in thickness ; and this 
marine character is here strongly stamped upon the whole series. 

These nummulitic limestones form the most prominent features of 
the low hills at the foot of the scarp along the K^hasi area, where they 

' These fossils were named by Dr. Stoliezka. 
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are in much greater force than elsewhere to east or west. This, as 
has already been suggested upon other grounds, may be owing to a 
greater elevation in this position, whereby a deeper zone of the basin of 
deposition has been exposed to view. Pure limestone is still the chief 
rock of the group on the eastern confines of the Garo hills, west of the 
TJmblai, as described by Colonel God win- Austen ; although the 1x)tal thick- 
ness must be much less than in the Tharia section. In the same ground 
this observer describes (L pp. 14 and 16) local cases of denudation- 
unconformity between the limestone and the cretaceous sandstone. 

Nummulitio Series : Garo area.— On the Sumesari, however, 
only 12 miles farther west, a great change is observed. The whole series is 
exposed ; but it contains only one thin band of limestone, about 40 feet 
thick, resting conformably upon the cretaceous sandstone. Even this 
limestone is often earthy, nodular, and ochreous, with shaly partings; the 
purer portion being generally formed of a mass of Nnmmidites granulosa^ in 
various stages of growth. A similar change occurs throughout the forma- 
tion : there are no clear sandstones ; clays and soft earthy sandstones overlie 
the limestone, and are with difficulty distinguished from the succeeding 
upper tertiary deposits. This new character is still more pronounced at 
the west end of the hills. The clear cretaceous sandstone is well exposed 
in the gorge of the Kfdu at Domalgiri below Tura ; it is covered by crum- 
bling brown clays, in which occur rusty earthy concretionary layers of 
nummulitic limestone, the only representative here of the pure rock of 
the Khdsi hills ; and altogether the formation here strongly resembles 
the most characteristic bods of the Subathu group in the North-West 
Himalayas. No coaly layer has been found in the scries in the Garo area. 

The occurrence of remnants of the nummulitic group on the creta- 
ceous sandstones of the interior basins north of the Tura range is a 
point worthy of attention. In the middle of the Rongreng basin some 
earthy nummulitic limestone was observed at the level of the river, the 
cretaceous rocks rising much higher against the surrounding mctamorphics. 
The outcrop is flat and covered ; but the presumption is that the local 
cretaceous group is complete there, and that the actual positions are 
mainly due to a later depression of these inner basins. There is suffi- 
cient independent proof that the crystalline rocks here were affected by 
the general disturbance, and that the east end of the Tura range must have 
been squeezed up to a considerable extent At both ends of the Sume- 
sari gorge, intheDarang basin on the north, and at Seju on the south, 
the cretaceous strata rise nearly vertically against the gneiss, with the 
beds parallel to the contact; while rocks of the same age occur but 
little disturbed high on the shoulders of the intervening ridge, the width 
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at the base being about 4 miles. That there was an original ridge of 
smaller dimensions in this position is certain ; and it seems equally so 
that the ridge underwent a subsequent special upheaval ; and the manner 
of this upheaval seems to require an actual yielding and protrusion of 
the gneissic rocks. The disturbance which took effect as a general rise 
of the Khasi area may have been concentrated here in this special crush- 
ing upwards of the east end of the Tura range. There is no trace of 
such an action at the west end, about Tura. Considering the view taken 
of the original relations of the rocks here, it is rather remarkable that tlie 
nummulitics have not been found anywhere in contact with the gneiss ; 
but nothing like a survey of the ground has as yet been attempted. 

Eastern extension of the nummulitics. — Having seen the steady 
increase of purely marine deposits from west to east for liJO miles in the 
Garo and Khasi areas, it might be expected that the more pelagic forma- 
tion would be steady for some distance in the same dire(;tion, in what 
is represented as a still- expanding series of deposits. There is no doubt 
that the total sedimentary series in the aga hills is much thicker than 
in the western areas ; but it is almost exclusively made up of detrital 
(clastic) rocks, and it is certain tliatthc increase takes place largely in the 
upper tertiary formations : the part taken by the lower tertiary (nummu- 
litie) formation in the N4ga hills is not known, and its extension in that 
direction on the map, to include the Uj>per Assam coal-measures, is still 
conjectural. The nummulitics of the Kbdsi area no doubt continue for 
some distance into the Jaintia country; but their mode of change or of 
extinction eastwards has not been traced out. Already on th(i track 
between Nowgoiig and Cachar they are so concealed or altered from 
their familiar aspect in the Khasi section, as to have escaped tlie passing 
notice of an observer of some experience ; and the more detaikd examin- 
ation of the ground in the Assam coal-measures at the north base of 
the Patkai, lias not revealed any recognisable outcrop of nummulitic 
strata. The explanation that has been offered of the change to the west 
may cover this case also : that a special elevation of the Khasi area has 
there brought to the surface a deeper zone of deposits in this great con- 
tinuous basin of deposition. 

The upper tertiaries. — It was said above that at the west of the 
Garo hills the earthy nummulitics pass up, without marked change, into 
the soft upper tertiary strata. Tlicre is at first a moderate southerly dip ; 
but the strata become nearly horizontal as they recede from the gneissic 
mass ; so that this section on the Brahmaputra is the most obscure of 
any in the whole range ; the hills arc much lower than elsewhere, and 
the tertiaiy series must have here a minimum thickness, even if the 
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whole of it is exposed. Yet the only distinct information we possess as to 
the horizon of these newer rocks is from this ground. In 1821 Mr. 
Coicbrooke read to the Geological Society of London' some observations 
on these rocks by Mr. David Scott, then Commissioner of Cooch Behar. 
In those days the Brahmaputra flowed at the foot of the hills, and at one 
spot on the left bank Mr. Scott found some fossils. The exact locality 
is not given, but it was somewhere between the Kalu and Mabendraganj 
(or Karibari) , probably nearer the latter place ; so the position in the 
series is not known ; but it seems certain that the bed belonged to the 
rocks of the hills, not to the “ old alluvium for it is dcscril)ed as at the 
foot of a small hill, rising about 20 feet over the general elevation. The 
fossils were a strange mixture of marine with land and fresh- water forms ; 
and amongst them Mr. Peiitland described " the teeth of Anihrmoikerinm 
(Chmromeryw) Misirense^ a species that has been recently found in the 
Manchar (upper miucene) beds of Sind.^ 

The change of character that is so marked in the cretaceous and 
nummulitic deposits from west to east has not been observed in the 
upper tertiaries : there certainly can be no striking feature of this kind. 
A massive soft greenish sandstone is the most prominent rock ; it is 
somewhat like the common Siwalik rock, bnt more earthy and of darker 
hue, and the associated beds are mostly grey shales, unlike the brown 
and ochrey clays of the Sub-Himalayan series ; and the fossils above 
mentioned shew that even at this western end of the range the deposits 
arc, in part at least, marine. In Mr. ScoH/s notes of the section on the 
Brahmaputra, local contortions are noticed, and this condition increases 
eastwards. On the Sumesari, where the tertiary zone is It miles wide, 
nearly 60 miles from the great river, the stat e of disturbance is still only 
partial ‘‘i at the southern edge of the hills the dip is 40" to the south, in 
very new -looking strata; there is then a broad band, in which the beds 
are flatly undulating; they then rise again with a steady and increasing 
southerly dip. The form of these outer, partial lines of disturbance is 
that of normal flexures, with the axis-plane sloping northwards, towards 
the gneissic mass at the edge of the basin (note, p. 528). In the inner half 
of tlic section there are two lines of compressed contortion, with interven- 
ing bands of nearly horizontal beds. In this 'more advanced state of com- 
pression the features suggest that the flexures liad not been thrust over 
from the north, but from the south, as the reversed fault seems to have 

1 Trans. G. S., Ser. 2, vol. I, p. 132. 

Trans. G. S., Snr. 2, II, p. 393. 

3 Kcc. G. S. 1., X, p. 77. 

< Mem. G. S. I., Vll (193). 
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a southerly underlie, and the upthrow is on the south. Nothing like a 
general unconformity in the tertiary series was noticed in the section of 
the Sumesari. 

Only 20 miles to the east lies the ground described by Colonel God- 
win-Austen on the confines of the Garo and Khasi areas, where the upper 
tertiary rocks have been almost denuded away from the base of the range, 
the little that is left of them being nearly vertical. Several peculiar- 
ities have already been noticed in this position : the depression, or the 
gradual rise, of the metamorphic mass, unlike its abrupt southern ending 
to east and west : here, too, is the transition ground of the prevailing 
marine type of deposits in both the cretaceous and niimrnulitic strata, 
and here a partial unconformity was noticed between these formations. 
Similar conditions affect the upper tertiaries ; this is the only position 
in the western part of the range where they have been found on the 
plateau, inside the line of disturbance. TIic summit of Nongkulang 
hill (2,070 feet) is formed of rusty sandstones and shales, resting horizon- 
tally upon the undisturbed nummiilitic limestone. In a collecjtion of 
fossils from these beds, sent by Colonel Godwin- Austen, Dr. Stoliezka 
found the genera Conm^ DoHum, Dcntalinm^ Cardiia^ Cardiwm, Tellina, 
Nncfda, Leddy Cucnllreay and several others ; and he remarked that none 
of the si)ecies, so far as recognisable, ap])eared to be identical with those 
known from the nunimulitic beds of the same district. This fact suggests 
that these detached beds on the heights may, perhaps, be an overlap of 
some beds of the scries higher than those that seem to be in transitional 
sequence with the nummulilies in the sect ions to the west. This view 
is strengthened by the fact, that Colonel Godwin-Austen observed 
some eases of local denudation-unconformity between these fossil if erous 
sandstones and the nummulitic limestone, the strata being still quite 
parallel. 

Along the foot of the plateau in the Khasi and JaintiS areas the dis- 
turbed u])per tertiary rocks have been almost entirely removed by denuda- 
tion. East of Jaintiapur they appear again in force, and expand raj)idly 
into the Barail range, which is, so far as known, entirely made up of 
them, rising stee})ly from the alluvial valley of Cachar, drained by the 
Surma, or Barak. On the south tliis valley is very undefined, long lateral 
valleys running up from it to the south, between the low meridional 
ridges of the Tipperah and Lush&i hills, formed of the same soft uj)pcr 
tertiary rocks, some of which ridges strike up to within ten miles of the 
east and west Barail range. The Cachar valley seems to be excavated 
out of what must be the very broken ground where these two conflicting 
strikes meet. As the Barail curves to the north-east into the strike of 
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the P4tkai, north of Manipur, the confluence with the ridges from the 
south takes place more easily. 

It is only in the north-east, in the Patkai, that the range forms 
the main watershed. The northern drainage of the Barail passes 
through that range, hy the deep gorge of the Jatinga, into Cachar. 
Prom the edge of the plateau, immediately over the upper Jatinga valley, 
tlio drainage flows to Assam. In this position ihc edge of the plateau, 
as constituted of horizontal rocks, does not visibly correspond with a 
supporting mass of mctainorphics. There is here a large area of the 
North Cachar or West Nsiga hills formed of the massive upper tertiary 
sandstone very little disturbed. It would seem that the spill of the 
drainage took its origin here from the first great monoclinal axis of flexure 
into the basin of disturbance, the protrusion of the Barail range into its 
present position along that axis being a slow after-jiroeess. It- seems 
not unlikely, too, that this great accuniulation of late tertiary strata may be 
largely formed of early Himalayan debris, from the discharge of the great 
eastern torrents, the Diliong-Dibong, the Brahmaputra., and otluu-s ; and 
that the diversion of these tlirough Assam into Bengal was the result of 
the crushing together of those deposits in the lines of the Burmese 
mountain system. 

The Assam coal-fields. — TJjipor and Lower Assam are very neatly 
defined geologically : the latter as tlu? area between the motarnorjdiie mass 
of the Shillong plateau and the Himalayas, wliere the metamorphics 
a])j)ear occasionally as outliers through the alluvium, and probably under- 
lie the wliole at no great depth. The most easterly known outcrop of 
these crystalline rocks, north of the Brahmaputra, is the granitic mass 
at Tczpur. Upper Assam lies on the north-easterly prolongation of the 
crystalline area, and commences at the Dhansiri valley, where the sedi- 
mentary scries lying to the south of the gneiss extends beyond it, in the 
northern ridges of the Patkai range, to form the south-east boundary of 
the upper part of the great valley. The general continuity of ibis line 
of outcrop here, with that of the crystalline boundary to the south-west, 
suggests that the metamorphics may extend for a long wa.y beneath the 
alluvium of Uj)per Assam; hut this is purely conjectural, and the data arc 
insufficient to discuss it. 

It has been already slated that, although these rocks of the Pfltkai 
range are the direct continuation, after an nnexamined interval of nearly 
200 miles, of the formations already described on the southern margin of 
theGaroand Khasi hills, the general facies of the sequences arc so differ- 
ent, that the two can only be correlated by a connected survey, fossil 
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evidcnoe also beings entirely wanting* in the Naga ground. This eastern 
area must therefore stand by itself for the present. Mr. F. 11. Mallei ’ has 
described the coal-measures in some detail^ with the rocks immediately 
adjoining, for a length of about 100 miles from south of Jorhat. He 
gives the following classification of the formations : — 

4. — The Dehinpr group (from the river of that name) ; conglomerates and blue clays 
with fossil wood; minimum thickness, 400 feet; transitional with No. ii. 

3. — Tipam group (from the low range traversed by the Dobing above Jaipur) : 
massive, false-bedded, soft, grey sandstones, 'with subordinate varit^gated 
clays and fossil wood ; thickness, 7,(X)0 to 9,000 feet ; transitional with Ni). 2. 

2. — ^The coal-measures : alternating shales, sandstones and coal, with a few thin cal- 
careous la^’crs ; thickness more than 2,(X)0 feet. 

1. — The Disang group (from the river of that name) : grey, fine, hard sandstones 
overljing splintery grey shales, several thousand feet thick. 

General structure. — Although iu a general sense the section of the 
PAtkai ma}'’ be, as suggested, a continuation of tliat to the south-west, 
with a prolongation of the crystalline rocks beneath the Upper Assam 
valley, very great changes are introduced to the north-east. Instead of 
finding the lowest rocks at the base of the hills, adjoining the alluvial 
area, as would be the case on the simple supposition referred to, there is, on 
the contrary, a nearly continuous belt of upper tertiary rocks outside 
(north-west of)^ the main outcrop of the coal-measures and of the Disang 
group. This feature is due to a great fault that has been traced from 
end to end of the area, with a steady strike to east-35'*-north, and hav- 
ing a great upthrow to the south-east. On both sides of the fault the 
prevailing dip is towards tlie crest of the Patkai. 

This fault is the leading structural feature of the field, and it must 
have a throw of from 10,000 to 15,000 feet; for the outer tertiary rocks 
dip towards it, and high Tipam, and even Dehing, beds arc gencra.lly 
found at the dislocation in contact with the Disang group. The principal 
coal-fields occur isolated inside the great faulty, where, at intervals, the 
throw is less, or where a loop-fault encloses a section of the measures. 
Here, too, south of the main fault, the Tipam group is found in force 
overlying the coal group, and proving the magnitude of the dislocation. 
Thus the several coal-fields inside the fault are strictly isolated as basins 
of dislocation. The only position where the coal-measures appear at the 
base of tlie Tipam group outside the fault is in the Jaipur field, on the 
Dehing and the Disang ; but they presumably occur all along the margin 


» Mem. G. S. I., XII, p. (269). 

2 See note, p. 629 : the axis of disturbance here is not IliinalayaD, but that of the 
Burmese system. 
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of the alluvium, at an unknown depth : the great thickness of the Tipam 
group would make the search for the coal very precarious, imless near a 
known outcrop. 

The Disang group. — The three upper groups form a continuous 
sequence, and the top one is a very late tertiary formation, so the Di- 
sang beds must take their place below the continuous series, as at least 
older than the coal-measures. The Disang boundary is everywhere de- 
scribed as faulted, and the original base of the coal-measures has not any- 
where been observed : it is, however, quite probable that the Disang beds 
also form part of the continuous sequence, for both shales and sandstone 
are very much like tliose of the coal-measures ; only in the latter these 
rocks are freely interbedded throughout, and include coal-seams at all 
levels ; whereas in the Disang group the shales, as a whole, underlie the 
sandstone, and both are without carbonaceous layers. As these contrast- 
ing conditions obtain in contiguous areas, it is impossible the groups can 
be the same ; and the Disang is certainly the older. 

The type section of the group is taken from the Disang, south of 
the Tipam range, no coal-measures being exposed along the great fault 
for many miles on either side ; but similar rocks occur to the south of the 
coal-measures, in the Makum field, to the east, and in the Nazira field, 
to the west. 

The coal-measures. — Three principal fields have been described. In 
the Jaipur field the measures crop up with a high dip along a narrow 
band at the north base of the Tipam range for about 20 miles, when 
they are covered over in both directions by the alluvium. East of the 
gorge of the Dehing, at Jaipur, the Tipam range comes to an end, and 
tlie alluvium passes behind it, up to the edge of the Makum field, along 
the main fault. This is the most extensive of the Assam coal-fields : to 
the south-west its exact limit is not known, but it is certainly cut out 
before reaching the Disang ; to the north-cast it extends beyond the limits 
of exploration, into the Singpho country. The Nazira field occurs along 
the great fault, on the Dikhu and Saffrai rivers, for a length of about 
16 miles. In the former position the outer hills of the Tipam rocks 
intervene between the plain and the coal rocks ; but on the Saffrai the 
ground is more open, and the coal-field morcaccessible. Farther to the 
south-west there are small outcrops of the coal-measures south of the 
fault, on the Janji and Disai rivers; but here the outer range of Tipam 
rocks is very broad, and the coal proj^ortionately difficult of access. 

For detailed information regarding these fields and the coal, we must 
refer to Mr. Mallet's memoir.* The measures arc very much alike in all ; 

* Mem. (i. S. I., XII, Pt. 2. 
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seams of less than a yard in thickness are very numerous in some sections, 
and not iinfrequently the coal beds attain much greater dimensions. In 
the Namdang, south of Kongreng in the Makum field, there is a seam 100 
ft»et thick, containing at least 75 feet of solid coal ; and some veiy large 
seams have been traced for more than a mile without diminution. The 
sandstones and shales often contain nodules and layers of clay-ironstone. 
Earthy and ferruginous limestone occurs sparingly in thin concretionary 
bands, also some layers of hard tough magnesian limestone. The coal- 
measure shales decomi)ose intoia very tenaceous blue clay, differing in this 
respect from the Disang shales, which are more clunchy. 

On the interesting question of the age of these very important and 
extensive coal-measures, there is little evidence for opinion; and that, 
little suggests a middle tertiary horizon. The coal itself is a true coal 
of superior quality, not lignite, as is attested by its composition. 

Fixed Vohitile 
carl >011. matter. Ash. 

Avcnigo composition of 27 Assam coals . CO’O 3fi-2 3*8 

Ditto of 17 llaiiiganj coals . 511 32‘6 16*3 

It is not unlike the nummulitie coal of the Khasi hills, and quite unlike 
the cretaceous coal, which maintains its peculiar characteristics into close 
proximity to the Assam fields. The only fossils found in the scams 
are bad impressions of dicotyledonous leaves ; and no trace of animal life 
has been seen in any of the associated rocks. The strongest point in the 
argument is the closely transitional relation between the measures and the 
Tij)am sandstone, which is a very typical representative of the Siwalik 
rock, and almost undoubtedly belongs to that upjier tertiary j)eriod. In 
the Khasi hills, and again in the Punjab, the nummulitie coal occurs 
near the very base of the formation : in the Tharia section (p. G04) there 
are about 1,000 feet of marine nummulitics above the coal bed. If* th(? 
Upj)er Assam coal-measures are nummulitie at all, they would seem to 
belong to the up])er limits of the formation. 

Tipam and Dehing groups.— We might without much risk speak 
of these as Lower and Uj>per Siwaliks; for in v(ny many respects they 
corresj)Oiid with those Sub- Himalayan formations as seen on the north 
side of the alluvial valley; and it is by no means improbable that the 
two may yet be traced into actual continuity through the wild unexplored 
country at the head of the valley. The greenish grey (pei)per-and-salt) 
sandstone of the Tipam range undoubtedly alternates with the top beds 
of the coal-measures ; but the shaly beds rapidly cease, and the sand- 
stone becomes very massive. Some coaly partings were also observed 
well uj) in the Tipam group ; and fossil wood, whether silicified or semi- 
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CHAPTEIl XXIX. 

EXTRA-PENINSULAR AREA. 

BUKIMA. 

Area and jiliysieal poogfraphy — Geolopfieal data — Roek-p^roups — Metamorphic rocks — 
Merffui group — Mauliiiuin group — Axial (triassic) group — Mai-i (Groiaeeous) group 
— Supiiosed crtdmteous coal in Tonasst.riiii — Ncgrais rocks — Surjieiitiiie — !N uinmu- 
litie grou]) — Arakan — Coal-Learing rocks of Teimsscnm — IVgu gi’Oiip — Newer 
tertiary beds in Arakan — riiocenc fossil-wood group — Tertiarics of IIj)})er Burma — 
Extinct volcano of rajijia — Tracliyte in Soutb-Western l*egu — Post-tertiary deposits : 
laterite — Older alluvial sands and gravels — Eelta of Irawadi — Littoral concrete of 
Arakan coast — Mud volcaiKics of Ibiinri, &c. — Islands in the Bay of Bengal — 
Andamans — Nicobars — Barren Island and Nareondam. 

Area and physical geography. — British Burnica, consisting of the 
couiitritjs on the easi.ern side of the Hay of Bengal, north of the tenth 
])a.i-allel of norili latitude, comprises three divisions- Arakan, Pegu, and 
Tenasserini. Tlie lirst and last, of these are mainiy (torn posed of narrow 
strij)s of territory extending along the coast; the foimer nortli, the latter 
south, of the Irawadi delta. ]\‘gu (^onsisls of the lowci Irawadi valley^ 
south of the parallel of It)"" 31)' north latitude, together with the country 
hetween the Irawadi and Sittoung (oi Sitang) rivers. Martal>an, part 
of the Tenasserim division, iiiehides a large tract hetween the Sittoung 
and Sal win. 

The whole region is traversed hy hill ranges, having a gencr I north 
and south direction, parallel to the coast. All tlie principal streams have 
the same general course, which is the strike of the rocks. To the 
northward, in Arakan, the strike curves to west of north. 

The main hill ranges of British Burma are three in number. Com- 
mencing to the westward, the ridge running parallel with the coast, 
and forming the watershed between the Bay of Bengal to the westward, 
and the Irawadi valley to the east, is known as the Arahan Yon/a} This 
range is the southern continuation of the somewhat complicated ranges 
to the east of Chittagong ; it becomes a well-defined ridge of great 


* Yo-ma is a Burmese wonl signifying backbone. 
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breadth, but of comparatively moderate height, east of Akyab, and con- 
tinues steadily to Cape Negrais. To the northward the general height 
of the watershed is about 3,000 to 4,000 feet, some peaks rising to as 
much as 5,000 ,* but to the southward the elevation is much less. This 
range is the boundary between Pegu and Arakan. 

Jilast of the Irawadi valley, and forming the water-parting between 
that river and the Sittoung, is another range, known as the Fcgn Yom.a, 
tcrmii.ating to the southward, close to llangoon, and extending north- 
ward for some distance beyond the British frontier. The maximum 
elevation of this Yoma is about 2,000 feet, and is attained near the 
southern extremity, in latitude 17'" 55'; thence northward to the frontier 
the height of the watershed varies from HOO to 1,200 feet. 

The whole of the mountains east of the Sittoung must be classed 
with those of tlie Tenasseriin provinces as j)arts of one great range, 
greatly exceeding the Arak- n and Pegu Yomas in elevation, and distin- 
guished from both by being mainly composed of metaniorphic roi;ks. 
To the northward this range, wMch nppe -s to liav' no general and dis- 
tinctive name, is connected with the gnoissic ridg(hs and i)laleausof Up])er 
Burma; it forms the watershed between th-' Sittoung and Sal win, the 
latter river cutting through it near Maulmaiu (Moulinein), where the 
strike of the rocks is north-north-west instead of north, and it continues as 
a number of parallel north and souih ranges in the Tenasseriin provinces. 
Towards the southern extremity of British Burma the various parallel 
ridges coalesce into one general range, which forms the backbone of the 
Malay Peninsula. The metaniorphic hills fn^panitly attain an elevation 
oC 5,000 to 0,000 feet, and some peaks are said to be as much as 7,000 
above the sea. 

It may be useful to notice that the great rivers of Ib-itish Burma arc 
the Irawadi and Sal win, both of which rise far to the northward, in 
Chinese territory. The Sittoung is a much smaller stream, coming from 
but a short distance north of the British frontier. The Irawadi forms 
a large delta, but the Salwin flows in a rocky channel almost to its 
mouth. In Northern Arakan are several rivers of considerable size, the 
principal being the Koladync, all running from the northward; and in 
the Tenasserim ])rovinces, the river Tenasseriin has a course of about 
150 miles from nortli to south, before turning westward to run into the 
sea near Mergui. The general parallelism of all the streams and hill 
ranges gives an appearance of simplicity to the physical geology of the 
country ; but, owing in a great measure to the prevalence of forest, it has 
lieen found extremely difllcult to determine the stratigraphy, and very 
little can be said to be accurately known about the formations occurring. 

u 1 
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Greological data. — Tlie province of Pe^u has been g^eologically 
mapped^; Imt, for the reason mentioned, the classification of the rocks in 
tlie liill ranges is by no means satisfactorily settled. The formations 
along* the course of the Trav\"adi north of the British frontier to beyond 
Ava have been cursorily examined/ as also a tract on the up])er Sal win 
and the extinct volcano of Piij)pa, south-west of Pagan, has been 
visited. Oc(!asional notes, too, have been collected by various travellers 
in other parts of TJpj)er Burma. A fc^w visits have been made to pari-s 
of Southern Arakan in the neighbourhood of Pegu, and to the islands 
of llainri and Cheduba,^' the southernmost }>art of Arakan being in- 
cluded in Mr. Theo])ald^s map of Pegu, but the northern portion of the 
division is geologic^ally unknown. All that can be said is, that the 
formations are probably similar to tliose of the Arakan yorna, as the 
same beds ap])ea.r to extend northward into the Assam hills. Tenasserirn 
is similarly most inij)erfectly known, the tu'ighbourhood of Maulmain, 
and a few localities to the southward, being the only 2)arts of which any 
account exists.^ 

Rock-groups- — The following arc the groups in which tlic rockf 
found in Burma, have hetm arranged, with their aj)proximate geologica’ 
position. It should he rei)eat(‘d tlnit, owing to the very great (liflicmltirs 
in the way of a geological exploration of the country, tlic sub-divisio\s 
are hy no means so well defined as in the Peninsula of India. Tlie fos.^]^ 
found have not Ixjen compared and descrilied ; and until this has l).eu 
done, it is iinpossihle to feel sure that jiortions of difTcrent groups J^ive 
not, in some cases, heeu included in one sub-division. 


SM2>jKtml tjn>loy.a,i age. 


Newer alluvium, 


Older alluvium 


Fossil- WOOD gboui* 


, &c. I 


Blown Band, littoral concroii!, ' 
ro^nir, and recent alluvial 
deposits. 

{ Sand and gravels of tlie older 
river alluvium, laterite, &c. 

{ Sand, gravels, &e.., with silieified 
wood and hones of Mammalia, 


iH‘ls of the older ) 

V rosl-tcHiar 
n, laterite, &c. ) 

fc.. with silicifiwn 
es of Mammalia, ) 


* Theobald: Mem. G. S. T., X, pp. (189) -(359). Some earlier not-ieos j,, 

Records of the Geological Survey of India, hut all details were incorjiorated in Menuiir 
quoted. 

- Oldham : Yule’s Mission to the Court of Ava, Appendix, pp. 309 — 351. 

» n> Mr. Feddeu. 

' .1. A. S. H.. ISO-. XXXI, p. 215. 

Mallet: Kec. G. S. 1., XI, p]). 188—223. 

Oldham : Selections from the Records of the Government of India, I)e])artnieiit, 
No. X, jip. 31 — 67. 
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Name. 

Nocke, 

Supposed geoloffieal age. 

IV. 

PUGU Guour 

j Shales and sandstones, occasion*] 
\ ally caleu reoiis ; fossils numerous. J 
r Shales and sandstone, with some 

^ Mioveue. 

A 

v. 

Nummulitic 

. < limestone bunds containing 

^ niimmnlites, &c. 

^Eocene. 

VI. 

Neguais rocks 

( Similar, but inticli hardened, and 
t sub-meianiorphic in places. 
r LiuiesLone, sandstone, calcareous "J 

^.Eocene or Cretaceous. 
\ 

\ 

VII. 

Mai-i Guour 

. K slinles, &c., with Ammonites | 

^ injlatus, J 

C Shales, sandstones, &c., more or ■ 

• Cretaceous. 

\ 

) 

VMl. 

Axial giiottp 

• ^ less altered, and occasionally 

V schistose. 

r Triassic. 

IX. 

Maulmain group 

reddish sandstone, and 

shales. 

1 Carbo7iiJerous> 

X. 

Mkrgui group 

. Slaty and schistose beds, grits, &.c. 

? 

XI. 

Metamorphic 

r Gneiss, niica-slate, &c., with' 
* C ffwinite veins. 

j. Azoic, 


Intuusivk JiiiUPTiTB BOCKS. — ScriK'iilinc, trachyte, &c. ; an extinct volcano in Upper 

liuriiui. 

Of tliese various groups, it should bo stated at once that the three 
uppermost constitute the greater portion of the Irawadi valley; that the 
Pegu Yoina consists entirely of the mioecne Pegu group ; and tliat the 
Arakan Yoma, and the spurs to the eastward and westward of t he main 
range, are chiefly composed of nummulitie, cretaceous, and iriassie beds. 
The carboniferous limestone and its associated beds, tog(‘ther wiili llie 
Mergui group, are, in British Burma, nearly confined to the Tenasserini 
provinces ; the former extending northwai*d into Martaban, whilst the 
main area of rnetainorphic rocks lies to tlie east of all the other forma- 
tions. In describing the various beds, it will be best, as usual, fo com- 
meiuic with the lowest; the intrusive rocks, however, being noticed with 
the beds with which they are associated, 

Metamorphic rocks. — The Burmese gneissic series consists of more 
or less gTanitoid gneiss, horiihlendic gneiss, crystalline limestone, (piartz- 
ite, and schists of various kinds. In many 2)laees the gneiss htjcoraes a 
true granite, and much of the area occupied by the crystalline formations 
has been described by various observers as comj)Osed of granitui rocks. 
Some of the granitoid portions of the rock weather into remarkable round- 
ed masses,^ isolated from each other by the deconi])ositioii of the inter- 
vening rock, and forming huge piles of gigantic boulders, as in Southern 

* Fijjuros of somft ftxtmordinary isolatod blocks of tliin kind, roatnnblinj' pcrchctl 
crniticK, but n^ally due to disiutc^nition, aro fjiveii by llio Ucv. C. Pnrisb in bin “Notes of a 
trip up tbo Salw^eeii,” J. A. S. U, J8(iu, XXXIV, 1*1. 4 l»p. 135, PI. VI, VII, Vlll. 
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India. (Ilyderabtul, Mysore, &c.) and parts of Western Bengal. ^ Horn- 
blcndie j^neiss seems less abundant than in the main gneissic area of 
India, whilst crystalline limestone is of not uncommon occurrence. 

So little attention has hitherto been paid to the metamorphic rocks 
of Burma, that very little is known of the minerals occurring amongst 
them. That the gneissic formations are metalliferous in places has 
long been known; gold is obtained, in small quantities, in many of 
the streams, and tin stone is found in some abundance in j^arts of the 
Tenasserim provinces and in Martaban. Lead and silver mines, one 
of them at l(*ast — the famous Bau-dwen-gyec — of very large dimen- 
sions and highly productive, exist in the Shan States, norlh-east of Ava. 
The most valualdc and productive ruby mines known arc in the same 
direction, but nearer to the capital. Chondrodite associated with spinel 
in crystalline limestone has been found close to Mandalay, the combina- 
tion of minerals being similar to that occurring in certain localities near 
New York. 

As already mentioned, metamoqihic rocks occupy a large, but un- 
explored, area in Upper Burma : they form all the higher ranges in the 
neighbourhood of Ava, and extend throughout a great portion of the 
country, extending thence to the Salwin. Farther to the northward they 
extend from Bhamo to the neighbourhood of Mornein in Yunnan.^ 'Jlie 
Irawadi below Ava turns more to tlie west, and Hows through newer 
rocks, whilst the crystallines continue to the southward, forming the 
lied Karen (Karen -ni) country and the hills between the Sittoung and 
Salwin, and extend into Tenasserim. None occur in Pegu or Arakan, 
west of the range between the Sittoung and Salwin. 

It is impossible to do much more than guess at the relations of the 
Burmese metamorphic rocks to those of the Indian Peninsula; but the 
gneissic rocks of Burma have more resemblance to those of Peninsular 
India than to the crystalline formations of the Himalayas. 

MergXli group. — Resting upon the metamorphic rocks in the 
southern })ortion of the Tenasserim provinces, there is a great accumula- 
tion of pseudo-porpliyritic sedimentary beds, the principal feature of 
which is derived from imbedded crystalline fragments of felspar. The 
rocAv in its normal form is earthy, but highly indurated ; it ])asses, on the 
one hand, into slaty masses without the conspicuous felspar fragments, 
and on the other into grits and conglomerates. With these grits, and 
resting upon them, are dark-coloured earthy beds, finely laminated, with 
hard quartzose grits. These rocks cannot be less than t),000 feet in 

* A furui of “ (Ionic f^iu.iss sec antCf p. 20. 

' AikUtsoii : Uci>ort on the Exjiodilioii to Western Vuniiun. Map. 
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tliieknosR, and in places they must be 11,000 or 1^,000. They have 
only been noticed hitherto near Mergui, and nothing i& known of their 
relations. 

Maulmain group. — The beds of the last group in the Tenasserim 
valley are siKJcecded, in ascending order, by hard sandstones, often in thin 
and massive layers, with thin earthy partings, sometimes in fine 
laminie; the prevailing colour is a reddish tint, and some of the layers 
are calcari?ous. Some of the more soft and earthy beds contain marine 
fossils. Over these sandstones occur grey shaly beds, also sometimes 
calcareous and fossiliferous, with occasional beds of dark sandstone; 
then come 150 to 200 feet of fine soft sandstone, thinly bedded with 
grey and pinkish shaly layers intercalated ; and upon these, again, hard 
thick limestone. The fossils found are unmistakably of car)>oniferous age, 
JS/j/r/Jer and PmhidnH being the commonest forms; but the species have 
not l)een determined, and it is rare to obtain specimens in a state suitable 
for identification. 

The thk'kness of the Maulmain group, exclusive of the limestone, is 
estimated at about 5,000 feet, and the limestone itself near Maulmain 
is J,100 feet thick. 

Near Maulmain the limestone is extremely conspicuous, and forms 
large hills and ranges, extending far to the south-south-east up the 
valby of the Ataran and Zarni. The same rock occurs oast of the 
Sal win, but it does not extend far into Martabiin, and it is wanting 
in the Sittoung valley. Farther up the Salwin, however, in Kareii-ni, 
and elsewhere beyond the British frontier, large tracts of limestone 
occur, probaldy belonging to the carhoniferous series. Limestone is 
said to abound in the Mergiii Archi 2 )elago, and may very probably be, in 
pai’ts at least, identical witli that found near Maulmain, Carboniferous 
limestone is also extensively developed in Siimatra.i 

Until the fossils are better known, it is impossible to say wlietbor the 
Maulmain group (jxaetly corres])onds to the carhoniferous beds of the 
Himalayas and the Punjab ; there can, however, ho no question that both 
are of the same approximate ago. The occurrence of marine fossiliferous 
rocks of the carlioniferous period at the two extremities of the extra- 
peninsular area of British India, and the complete absence of any 
marine palmozoic fossils within the peninsular region, afford |)erhaps one 
of the most striking illustrations of the great divergence between the 
geological history of Peninsular India and that of the surrounding 
countries. 


* Gl'oI. Msig., Dec. II, Vol. II, ]). 4-78. 
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Axial (triassic) group. — There is manifestly a great break be- 
tween the rocks already noticed and the mesozoie formations of Burma ; 
tlie older beds arc found in a. distinct area to the eastward, and are asso- 
ciated with metamorj>hic rocks, whilst the triassic beds arc only known to 
occur west of the Irawadi, and are connected by strat igraphy and position 
with the newer rocks of the Arakan Yoma range. Tin’s range, although 
of no great height, forms an excessively broad belt of nninhabitedforest- 
elad hills, only traversed l)y a single road and by a few difficult patlis 
at wide intervals, and it is, in general, absolutely ina(;cessible, except 
along the tortuous beds of streams. Anything like satisfactory geolo- 
gical surveying becomes almost im})ossible in such a region, unless some 
well-marked and prominent beds occur to afford a clue to the stratigra- 
phy, or fossil if erous belts are numerous. In the Arakan range neither 
is the case ; the rotdvs of the main range consist of rather hard sand- 
stones and shales, greatly s(pieczed, contorted and broken, traversed by 
numerous small veins of quartz, often slaty, and sometimes schistose ; 
but there is a marked delicieney of any conspicuous strata. The few 
l)ands of limestone which occur are thin, isolated, and as a rule unfossili- 
ferous. The roedvs on the western, or Arakan, side of the range appear, 
on the whole, less altered than those on the eastern, or Pegu, slope ; and 
on the outer spurs, on hoih sides, unaltered nummulitic rocks aj)pear 
throughout a great part of the area, although not conthuioiisly. 

The crushed, hardened, and somewhat altered rocks of the Arakan 
Yoma were originally separated hy Mr. Theohald from the iiewcr-look- 
ing nnmmulitics und<?r the name of “ axials,^^ and considered as com- 
prising the oldest tertiary beds and their immediate predecessors in the 
series. Although there is a well-marked difference between the iium- 
mulitie beds and the “axials,^^ there is no distinct break between them ; 
the two present an appearance of conformity where they arc not 
faulted against each other, and it is far from clear that some of the 
axials arc not merely nummulitic strata, greatly crushed and contorted. 
But suhscqueuily to the preliminary examination of the area, a creta- 
ceous ammonite was found in Arakan ; and amongst some rather ohsSjurc 
fossils discovered near the frontier of British and Native Burma, west 
of Thayetmyo, were a few specimens referred by Dr. Stoliezka to the 
typically upi)or triassic nalobia lomnivli (PI. II, fig. 5). It became, 
therefore, necessary to distinguish both triassic and cretaceous beds 
amongst the axial rocks of the Arakan range. 

To the former has been referred a scries of hard sandstones and shales, 
with grits and conglomerates, and a few bands of impure limestone, which 
form the crest of the Arakan range at the frontier, and extend to the 
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souiliward, nearly to the parallel of Prome. The only characteristic beds 
are some whito-s[)eckled grits, interbedded with shales and sandstones, 
and attaining a thickness of 1,300 feet, in tlic Lhowa stream, 35 miles 
west of Tliayetmyo ; a band of dark-blue shale with conglomerate, 
part of which is calcareous, 33 feet thick, l)elow the grits ; and some thick- 
bcdilcd shales, passing into massive sandy shales, with hard nodules iiiler- 
spersed, at(.aiiung a thiclsiiess of ILO f(‘et, and containing a Cardita and 
some uiuhitcrmined Gaderopoda. The calcareous conglomerate i)asses 
into a rubbly limestone, and appears identical with the beds contain- 
ing Jlalohia loumelL To the northward a band of limestone, much thicker 
and j^urer than that of the Lhowa stream, has been traced in several 
places. The speckled grits and conglomerates are, however, more con- 
spicuous and more characteristic, and it is mainly by moans of them 
that the area of supposed triassic beds has been mapped. 

The whole thickness of the triassic grouj) ap[)ears to be rather less 
than 0,000 feet, the characteristic beds just not i(‘ed being near, but not 
at the base of the group. To the eastward these beds are in contact 
with nurnmulitic strata, the boundary having the appearance of a fault; 
to the westward it is believed that cretaceous beds conu^ in, but the 
country is ditlumlt of access, and has not been survey(‘d. ^I^he area 
occu])ied within the limits of British Burma is elongatcly triangular, 
broadest at the frontier, where it extends for 15 miles from cast, to west, 
and terminating in a point to the southward, west by north of Prome. 

A few outbursts of serpentine occur within the limits assigned to 
the triassic group. As these intrusive masses differ in no way from 
some occurring farther south, amongst the rocks of the Xt'grais group, 
it will be best to notice all the cases of serpentine intrusion togtdher. 

Mai-i (Cretaceous) group. — The existence of cretaceous l)eds in the 
Arakan Yoma, like the occurrence of triassic strata, is only shewn l)y the 
discovery of one species of mollusk in a single locality in Arakan ; the 
species found, Animmlies inflaim^ is a characteristic eenornanian c(‘phalo- 
pod, common in the Utatiir l)t?ds of Southern India. The only specimen 
obtained was picked up in the bed of a stream, and had evidently been 
derived from some shales in the neighbourhood. No otlier specimens 
nor other fossil of any kind could, howcfver, 1)C found. 

The spot where this ammonite was found was near Mai-i, in the 
northern part of the Sandovvay district of Arakan. 

What may be the extent of the cretaceous beds, and which strata 
should be referred to this group, are matters on which but little trust- 
worthy information has been obtained. Mr. Theobald is disposed to con- 
sider that a peculiar, compact, light cream-coloured argillaceous limestone, 
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rosemljlin^ indurated chalk, sometimes speckled from containing sublenti- 
ciilar crystalline particles, belongs to the cretaceous formation ; and this 
limestone has been traced at intervals from near Mai-i, about 30 miles 
north of Tongup (Toungoop), to the neighbourhood of Sandoway, whilst 
somewhat similar limestone, though not so characteristic, may be traced to 
Keantali, some 30 miles faither south. The same limestone is found in 
the western part of Ramri Island. Another peculiar formation is a greyish, 
rather earthy sandstone, with, in places, a pisolitic structure, due to the 
presence of small globular concretions of carbonate of lime and iron. 
The concretions decompose, and leave small holes, wliwjh impart to the 
earthy sandstone the as])ecii of an amygilaloidal trap. Like the limestone, 
this peculiar sandstone is traced from Mai-i to near Keantali, a distance 
of 9t miles; and if, as appears j)robable, these beds are really cretaceous, 
for both are closely associated with the shale from which the ammonite 
had aj)parently been derived, the rocks of this formation may be con- 
sidered as extending at least the distance mentioned. To the northward 
their range is unknown ; to the south, they seem to be replaced by the 
next group, which may, however, in part at least, be simply the same 
beds, b\it more altered. The strata ascril)ed to the cretaceous group arc 
less hardened and meiamorphosed than the other rocks of the Arakan 
Yoma; they arc of great thickness, and may include all the beds to the 
west of the triassic group, and of the main range of the Yorna as far 
south as Keantali. No rocks which can be referred to the Mai-i group 
have been detected east of the main Arakan range in Pegu. 

Supposed cretaceous coal in Tenasserim. — There is, however, 
some probability that cretaceous ro(?ks may exist in Tenasserim. On the 
Lenya river, ^ in the extreme south of the province, a bed of coal occurs, 
of very laminar structure, and containing numerous small nodules of a 
resinous mineral like amber. This peculiar association of mineral resin 
is characteristic of the cretaceous coals in the Assam hills, and it is 
highly probable that the Tenasserim mineral is of the same age. At 
the same time no palaeontological evidence has been discovered ; the rocks 
associated with the coal are soft clays and sands, having a more recent 
a])pearance than those ac(;omj)anying the other coal-seams of the Tenasse- 
rim provinces ; and these other seams are, it is believed, not older than 
eocene. The coal occurs as an irregularly developed bed, varying from 
one to five feet or rather more in thickness, with thin layers of fine jetty 
coal betAveen bands of hard black shale, and rests upon clay with vegeta- 
ble remains, also containing patches of jet-coal ; thin coal laminae are 
also found in the associated strata. 

' Olillmiu : Sol. Rec. Govt. India, Home Dept., No. X, p. 48. 
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Below the rocks, imnnediatxily associated with the coal, are fine, whitish, 
earthy sandstones and indurated clay, passing* into marl, with some 
conglomerates. Above the coal is a scries o£ soft muddy sandstones, 
clays, marls, conglomerates, and a few scams of carbonaceous matter. 
The whole may he 600 feet thick. The dip is considerable, about 35®, 
and the rocks have undergone disturbance and faulting. Nothing has 
been ascertained as to the relations of the coal -bearing beds to other 
formations ; indeed, all that is known of the Lcnya river coal is the result 
of a hurried visit to a locality very difficult of access. 

Negrais rocks. — The remainder of the rocks forming the Arakan 
Yoma arc either unfossil if erous, or the few organisms which have been 
detected, mostly indistinct remains of plants and mollusca, are insuffi- 
cient to afford any trustworthy indication of age. Some of these rocks 
appear to be a continuation of the Mai-i group; whilst, on the other 
hand, it is impossible to draw any definite liiKi of boundary between the 
hill rocks and the nummulitics of Pegu. In Pegu, away from the base 
of the hills, comparatively soft, unaltered fossiliferous Ixids are found, 
belonging to the older tertiary period ; these strata appear to rest u]>on 
the hill beds; for, away from the axis of the range, both have, in general, 
an easiwardly dip. The two rocks contrast strongly, the nummulitics 
being soft and unchanged, the hill beds hardened, crushed, and in places 
almost schistose ; but it is impossible to find a precise limit to either ; 
the two are never seen in contattt ; there is no evidence that they are 
faulted against each other, and there appears to be a belt, often two or 
three miles wude, of rock in an intermediate condition. On the whole, it 
appears probable that the rocks of the Arakan Yoma in general comprise 
representatives, slightly altered, of both cretaceous and nummulitic rocks; 
but as it has hitherto proved impossible to draw a line between the two, 
whilst, on the other hand, there is no clear proof that these Arakan 
Yoma beds are identical with the Pegu nummulitics, it appears best 
to distinguish the hill rocks by a separate name, and to class them, as 
Mr. Theobald has proposed, as Negrais rocks. The name is derived 
from Cape Negrais, the south-western point of Pegu, and the extreme 
southern termination of the Arakan Y\)ma. 

The Negrais rocks differ in no important particulars from the triassic 
and cretaceous beds, already noticjcd, except that th(?y are more altered 
than the latter. They consist principally of hardened and contorted sand- 
stones and shales, intersected throughout by numerous small veins of 
quartz and carbonate of lime. Limestone is not of common occurrence ; 
where it is seen, it does not appear generally in regular strata, but in 
huge detached blocks, imbedded in the shales and sandstones, as if the 
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latter had yielded without fraetnre to the pre.ssure which dislocated the 
limestone. Con<»loracrates also occur, sometimes passin/^ into breccia. 

The alteration of these l)eds is most capricious and irregular; 
frequently for a loiig* dist-ance they are apparently unchanged, except in 
beinii^ somewhat hardened; then they become cherty, slaty, or sub- 
schistose, and cut up by quartz veins. One not uncommon form of alter- 
ation is exhibited by the rocks alTectin;:^ a ^jfreenish hue, due to the 
presence of chlorite, such rocks bein^ generally much cut up by quartz 
veins. In a few instances, apart from the serpentine int.rusions to be 
mentioned presently, irref^nilar dyke-like masses of either sei*p(;ntine or a 
d(iComj>oscd stcatitic rock are found; but this is far from bcin<^ of fre- 
quent o(?currence. A more common form of alteration seen along- the 
coast nortli of Cape Negrais is apparently due to the infiltration of silica 
in large quantities, and is shewn by the intense, and often abrupt, 
alteration of l>cds of sandstone into cherty masses. 

No satisfactory classification of these, the main rocks of the Arakan 
Yoma, has been practicable ; they must be of great thi(*knoss, but the 
strati llcation is too confus(»d, in the absence of any well-defined horizon, 
for a clear idi^a as to the sucxjcssion oC different strata to be formed. Some 
massive sandstones on the Arakan coast north of ("ape Negrais may 
' perhaps l.)C high in the scries ; they are little, if at all, alfored, and dip 
westward at a low angle. They are of a peculiar greenish hue, and 
comprise subordinate bands of conglomerate, containing fragments of 
indurated shale and some quartz. It is possible that these sandstones 
may be nummulitie ; but as it is almost certain that some of the Negrais 
rocks are older tertiary, the separation of the upjier beds is useless 
without further evidence. 

Serpentine. — The occurrence of masses of serpentine has already 
been noticed ; the intrusive rock generally occuirs as irregularly- shaped 
bosses of varying dimensions,^ but, especially north-west of Prorne, dykes 
also occur. The rock is a characteristic dark-coloured serpentine ; it 
frequently becomes a gabbro, and contains bronzitc, and it is intersected 
by veins of gold-coloured chrysotile, or sometimes of carbonate of 
magnesia. Occasionally it appears to be replaced by a form of green- 
stone ; or possibly the greenstone outbursts may be distinct, although 
the two rocks occur in the same neighbourhood. The hills formed of 
serpentine may be distinguished at a distance by their barrenness; they 
appear to sup])ort little excei)t grass and a few bushes ; the greenstone 
hills, on the other hand, arc covered with luxuriant forest. In all 
probability, the serpentine and greenstone outbursts were originally the 
^ None are sufficieutly large to l)e marked on the mnp issued herewith. 
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same, or nearly the same, and the former rock has undergone a chemical 
change. 

In the nei^ijhhoiirhood of some of the larger masses of serpentine, 
the sandstones and shales are converted into greenstone and chloritic 
schist ; but the effetit varies, and in some instances the neighbouring 
rocks appear almost unaltered. It is, however, worthy of notice that, 
except far to the northward, all the outbursts of serpentine appear con- 
fined to the Pegu, or eastern, side of the range ; andthai, as has already 
been stated, the rocks on the Pegu side exhibit, as a rnhr, more altera- 
tion than those on the western slopes in Arakan. To the northward, 
near the northern frontier of Pegu, serpentine occurs on the highest 
hills of the Yoma, and, in one instance at. least, on the western side; l)ut 
elsewhere all the outbursts detected are not only cast of the main ninge, 
but near the eastern limit of the hill rocks. Not a single intrusion 
has been detected in the unaltered nummulitic rocks. 

It is unnecessary to describe the distribution of the serpentine masses 
in any detail. They are principally collected in three groujis, the most 
northern of Avhich consists of the largest mass known, a horse-shoe 
shaped intrusion, some 5 miles in length, forming Bidoung hill, amongst 
the triassic ro<dvS, nearly due west of Thayetmyo. Several masses o(;(;ur 
north -north -west of Prome, in the southern portion of the triassic area; 
and one of these, forming a long dyke-like mass, running for about 5 
miles along the boundary between nummulitics and trias, appears to 
alter the triassic rocks, but not the nummulitic beds, al though the latter 
are greatly crushed. Prol)a.b]y, the difference is owing to the l)oundary 
between the serpentine and nummulitics being a fault. The third group 
is west of llenzada, where twenty-one distinct and isolated intrusions 
occur, scattered over a length of 2f) miles from north to south, close 
to the edge of the unaltered nummulitic area. The lai-gest of these 
masses is alxmt .‘3 miles long by perhaps half a mile broad ; but the 
majority are less than a mile in diameter. Besides these principal groups, 
a few small and unim])orlaut outlnirsts are found isolated here and there; 
none, however, are found sout h of the area west of llenzada. 

Nummulitic group. — Beyond the much smaller amount of alter- 
ation that they have undergone, and the resulting difference in mineral 
character from the hill rocks, there is but little to distinguish the num- 
mulitic beds of Pegu from the Mai-i and N(grais rocks, except the more 
frequent appearance of fossils, and the occasional occurrence of limestone 
containing nnmraulites, especially in the higher part of the group. The 
ordinary beds are sandstones and shales, unaltered, but still fretjuently 
hard and compact. The distinction from the Negrais rocks is far from 
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a])soluto ; the tendency to a passag-e at the foot of the hills has already 
been noticed, and there are, in places witliin the nummulitic area, hills 
formed of hardened masses, perhaps older than the rocks around, but 
whicli have much the aj)i)earance of being the same beds, slightly altered. 

The main outcrop of the nummulitic rocks extends from north to 
south throughout the province of Pegu, east of the Arakan hills, and 
west of the Irawadi I’iver. The beds have a general dip to the eastward : 
but to the southward it is difficult, if not impossible, to define the base 
of the formatif)!!, on account of the apparent passage, just noticed, from 
the nummulitic into the Negrais rocks. To the northward, west of 
Thayetmyo, near the boundary of Priti.sh territory, tlie section is belter 
deliiied, the lowest eocene strata, however, being, to all appearance, fault- 
ed against the triassic rocks; so that here, again, it is uncertain whether 
the bottom beds of the tertiary series are exposed. In the Lhowa stre.im, 
16 miles west by south of Thayetmyo, upwards of 4,000 feet of hard 
sandstones, mostly grey, and of blue, grey, or yellow shales, arc ex- 
posed ; but throughout all this thickness of beds, no fossil remains have 
been detected, except a few carbonaceous markings. Apparently at a 
somewhat higher horizon on the Mahton stream, which joins the Lhowa 
from the north, there is a great thickness of massive blue shales, of rather 
a dark indigo-blue in general, but sometimes of lighter colour. These 
shales cannot be much less than 3,000 feet in thickness ; but they are 
almost as unfossiliferous as the sandstones and shales on the Lhowa, 
the only organic remains found being some cycloid fish -.scales. Above 
these shales, again, there is a great thickness of sandstones and shale.s, 
mostly unfo.ssiliferous, but containing a few layers with Nurnmulites ; 
and at the top of the whole group is a band of nummulitic limestone, 
from 10 to 100 feet thick. This limestone, however, is by no means 
continuous : where it occurs, it seems to be the uppermost band of 
the group, but frequently it a|)pears to thin out, and in fact to consist 
of irregular lenticular bands in shale, rather than of an unbroken bed. 
Denudation may, perhaps, also have removed the limestone in places 
before the deposition of the next group. Other bands of limestone occur 
at a lower horizon, but they are more irregular than that at the top of the 
group. 

The whole thickness of the formation must be considerable — probably 
not less than 10,000 feet ; but no estimate of any value can be made, 
on a(‘count of the imperfect manner in which the rocks arc seen. In 
Northern Pegu, west of Thayetrayo, the breadth of the eocene outcrop 
from east to west is 17 miles; but a few miles to the south the 
width diminishes, till, west of Promc, it is not more than 6 miles. The 
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belt again expands in breadth near Tliombo and Akouktonng, on the 
Irawadi, above Myanoung; but the beds in general are very poorly ex- 
])osed, being covered with gravel and otlier late deposits. Farther to the 
southward, west o£ Myaiioung and Henzada, the nummulitic rocks are 
much concealed by post-t ertiary gravels ; and from Henzada to Bassein 
the only rocks seen to the westward of the Ira wadi plain arc the altered 
Negrais beds. The nummulitic strata reappear west of Bassein, and 
continue thence to Cape Negrais; but still the rocks are much concealed 
by gravel. Throughout the area, however, limestone with nnmmulites 
occasionally appears amongst the higher beds of the group ; and a i)ecu- 
liar, very tine, white or greenish, argillaceous sandstone, witli Foramiuifera, 
seen at Purian i)oint, east of the Bassein river, and in Long Island on 
that river, is also })robal)ly one of the uppermost eocene beds. This rock, 
known as Andngii-h/onk, or image stone, is employed l)y the Burmese 
for carving into images of Buddha, and is quarried to some extent for that 
pui’pose. 

It is possible that nummulitic beds may crop out in j)laces amongst 
the miocene rocks of the Promo district ; but the only known exposure of 
the former in Pegu, a])art from the belt just noticed as extending along 
the eastern side of tlie Arakan Yorna, is in a small ridge, known as Tlioii- 
doung, or lime hill, about 5 miles south of Thayetmyo. This ridge 
consists in great part, of nummulitic limestone, resting n])on shales and 
sandstones ; and in the latter a jiromising bed of coal, 4 feet thick, was 
discovered in 1855, but proved so irregular as to be of no value; the 
coal tliinning out, and passing into a clay with mere lamimn and jiatches 
of coaly matter, in the course of a few feet.^ 

Petroleum has been found in a few localities in Pegu within the 
older tertiary area; and it is probable that when mineral oil occurs in 
lat(*r tertiary beds, it has been derived from the underlying eocene strata. 
Such, at least, is Mr. Theobald's opinion after surveying the country, 
and it is in accordance with the geological distributi(m of petroleum in 
Assam. 

Arakan.— To the west of the Arakan range, limestone with nummu- 
lites has been noticed near Keantali, a village on the coast, almost on the 
18th parallel of north latitude ; and there can be but little doubt that 
eocene beds extend along the coast for a considerable distance. The 
islands of Ramri and Cheduba consist of sandstones and shales closely 
resembling those of Arakan, and doubtless belonging to the same series.^ 
These beds are also very similar to the nummulitic rocks of Pegu. A 

‘ Oldham ; Sel. Roc. Govt. India, Homo Dept., No. X, p 00. 

- Mallet : liee. G. S. 1., XI, p. 191. 
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few seams of coal liave been found, resemblinpf in character the num- 
nmlitic coal of Assam ; and petroleum is obtained in several places. The 
limestone on the eastern side of Ramri Island, as already mentioned, re- 
sembles that of the Arakan coast near Mai-i and Ton^iip, and may> 
tlier(?l'ore, be cretaceous ; but there is no marked character by which the 
rocks of the island can be divided into two series. 

Farther north the eoetme beds probably continue, until they join those 
of Assam ; but the intervening country is geologically unknown. 

Coal-bearing rocks of Tenasserim. — Although not hing definite is 
known as to the age of the beds associated wdth coal in Tenasserim, cx- 
cej)t that they are in all probability tertiary, there is more likelihood 
that they belong to the older tertiaries than to the newer, because simi- 
lar coal-bearing deposits in Assam on the one side, and Sumatra,* Java, 
and Ilorneo on the other, are known to be of eocene age. It will conse- 
quently be best to notice the Tenasserim beds in this place.^ They have 
received more attention than the other rocks of Southern Burma, but 
still they are but inipcrfectly known. 

The tertiary formations of Tenasserim consist of conglomerates, 
sandstones, soft shales, and beds of coal. The conglomerates are never 
coarse, the p(*bbles seldom exceeding a few inches in diameter ; the sand- 
stones are tine, gritty, and jxibbly clean white quartzose sands, or earthy 
and of a yellowish tint; the shale btxls are of a bluish -green or blackish 
tint, and very regularly disjmsed in thin lamime. The coal is also in 
thin la mime, with earthy bands. 

Hiese (X)al bearing de])()sits, the total thickness of which nowhere 
ex('ei*ds 900 to 1,000 feet, arc never tra(*eab1e continuously over any 
exti'nded area, ^fhey are found occiqiying isolated and detached l)asins 
in the great north and south valley of the ^IVnasserim river, between the 
main dividing range to the eastward separating British Burma from Siam, 
and the outer ridges t o the westward near the sea-coast. The small 
tracts of tertiary rocks are in all probability of fresh- water origin, and 
have much the appearance of having been deposited in the small basins 
they now occupy. The only organic remains found are dicotyledonous 
leaves and scales and bones of fish. 

The most important coal localities known are That ay-khyoung and 
Heinlap on the great Tenasserim river, about 6 miles apart. At the 
former locality there is a workable coal-seam, 7 feet in thickness, 
including small partings of shale and clay; at the latter the seam is 

* (Jtol. Mop., IVc. Tl. Vol. If. 1875, 481, &c. 

“ This uciHnmt is takc^ii fruiii Dr. OMlmiirs report : Sel. Uec. Govt, liidiu. Home Dept., 
No. X, 1856, pi>. 31. -56. 
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between 17^ and 18 feet thick. The quality of the coal is fair, the pro- 
l)ortion of volatile matt.er being* large, but the percentage of ash is 
small. At Kauma])ying, three-quarters of a mile north of Heinlap, 
there is a seam of about 8 feet in thickness, but containing much iron 
pyrites. Some coal also occurs on the Little Tenasserim river ; but the 
only known seam is not more than three fe(;t thick. The Lenya river 
coal, farther south, has alreiuly been slunvn to be very possibly of cre- 
taceous age, 

Pegu group. — Above the nurnmulitic formation of Pegu, there is an 
immense tln(*kness of soft shales and sandstones, often fossiliforons, but 
almost destitute of any horizon distinguished either by inineralogieal 
eharaeters or by organie remains. I^lie base o£ this group is assumed to 
(•oineide with tlie band of nummulitie limestone, already mentioned ; but 
there is no clear evidence that this bed is the uppermost rock of the eocene 
group, and no unconformity has been detected hetweem the luimmiilitic 
rocks and tlie next strata in ascending order. The upper limit of the 
middle tertiary rucks of Pegu is e(|ually ill defined, tliere being a gra- 
dual ])assage from clays and sandstones with marine fossils into the 
gravels and sands with silicified fossil-wood and mammalian bones. 

'Jhe fact is that, wilhoiii a thorough knowledge of tlie fossils, the 
classification of rocks so ol^seure and so ill seen as thoscj of Pegu is a 
simi)le im])ossil)ility ; and until the tertiary mollusks, echinod(?rrns, and 
corals of Southern Asia are better known, it is hopeless to att,ein])t rnoi-o 
than a general rough arrangement of the Burmese tertiari(\s. In the 
absence of sufficient fossil data for the proper determination of different 
:j(*(ls, all that has been attempted at present is to class togetb(»r all the 
marine beds of Pegu without nuniinulites, and at a higher horizon than 
the nummulitie limestone ; and the group thus constituted has been named 
the Pegu group from its forming the greater part of the Pegu Yoma 
between the Irawadiand Sittoung. There can he no doid)t that a portion 
of this group is of miocene age, and corresj)()iids gein*rally to the Gaj 
group of Siiid^ ; but it is probable tliat representatives of oilier forma- 
tions are included. 

The only a}>proaeh to a sub-division of the Pegu group that has been 
suggested is the sei>araiion of a considerable thickness of soft unfossili- 
ferous blue shales, which near Prome rest upon the u])pcr nummulitie 
strata, and underlie the ty])ical fossiliferous middle tertiary b(?ds. These 
shales have been called the Sitsyahn shales,^^ from a village on the 
Irawadi, 8i miles above Prome ; whilst the overlying sandstones and shales 
with fossils are distinguished as Promo beds,^' from their occurrence in 

^ See ante, p. 463. 
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the ncig'hboiirhood of Promc. The Sitsyahn shales eonsist of blue elunchy 
clay, with iudistinct bedding*^ and, except that tliey are somewhat paler 
in colour, greatly resemble some of the nummulitic shales. The thickness 
of the sub-division is about 800 feet, and the beds have been traced for 
a considerable distance along the upper limit of the nummulitic rocks in 
the Prome district. 

The Prome beds succeed the Sitsyahn shales conformably, and are 
composed of grey sandstones, occasionally hard, but frequently .argilla- 
ecous or shaly, hard yellow sandsluncs, and shales or clays of various 
colours. A section of about 2,500 feet of these l)cds is seen opposite 
Prome on the right bank of the Ira wadi, and probably a much greater 
thickness exists east of the river. One oF the most fossiliferous beds is 
a band of blue clay exposed at Kama on the Irawadi, IS miles above 
Prome. The position of this band is high, and, above it, abed, abounding 
in TurriidltP., and a hard sandstone containing corals belonging to the 
genus Cladoceray are the highest rocks of the grou]), and mark the passage 
into the fossil -wood beds. 

In one locality, Minet-toung (Myay-net-toung), miles east-south- 
east of Thayetrnyo, a bedded volcanic rock occurs, consisting of greyish 
tra]), inters tratilied with the roedvs of the Pegu group, and, to all appear- 
an(;e, contemporaneous. Nothing has been ascertained as to the source 
of this igneous forination. 

It is almost useless to give any palajontological details. Fovamimfem 
and Ediinoderniaia arc rare, and the mollusca are not, as a rule, very 
characteristic forms. A sessile cirriped, very common in some beds, 
closely resembles Balanm snUrerls of the miocene in Sind. A few small 
crabs occur ; small corals and sharks^ teeth are common. 

The P«*gu group forms nearly the whole of the great range of hills, 
known as the Pegu Yoma, between the Irawadi and Sittoung, no older rocks 
being known with any certainty to occur in the country betwtjcn the 
two rivers. The area occuyned by the middle tertiary beds is very broad 
to the northward, where it extends from consideraldy west of the Irawadi 
to tlie base of the metamorphic hills cast of the Sittoung, and contracts 
gradually between the alluvial ydains of the two rivers to the southward, 
till it terminates in a long narrow spur at Rangoon. West of the 
Irawadi, the Pegu group extends to a little below Prome, and some hills 
on the opy^osite side of the river below Prome arc formed of the same 
beds. It is, however, not quite certain that no older rocks appear 
between the Irawadi and Sittoung; for in some beds in Eastern Prorne 
a sy)ecies of pHcndofliadcwMy a genus of echinoderms with cretac^eous 
affinities, has been found, and a Terchratula with a very cretaceous aspect 
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wus oljfiiiiKHl near tlie town of Pej^n. In the former case the hods 
aj)pear to he hi«h in tlie Peg’ll group; but owin^ to tlic jgreat extent to 
which the surfaiic oO the country is concealed, both by gravel and other 
alluvial deposits, and Ijy forest, it is most dillicult to make out the 
g-eology satisfactorily, and lower beds may be broug^ht uj) to the surface 
by faults or otherwise. In the case near Pej^u the position of the beds 
is uncertain. 

Newer tertiary beds in Arakan. — On the Arakan coast, in lat itude 
]()'’ i30' 50'^, is a small island known as Kaurangyi (Koranji), composed 
of calcareous sandstone or earthy limestone, of a very pale brown or 
cream colour, and containing’ echinoderms, mollusks, sharks^ teeth, and 
other fossils. The same rock occurs also at Ng’a-tha-mu on the main- 
land opposite Kaurangyi Ishitid, but has not been detected elsewhere. 
Amongst the fossils the most aliundant are a species of Lobophora 
( hyhlno(l}m(>fi) and an EchiuolampaH, apparently E. jacqnenioniil, one of the 
coniinoiiest fossils of tlie Gaj group in Sind : the Eclinodiscufi also closely 
resembles a (laj species. The bed is somewhat similar to the “miliolite^^ 
of Kattywar, and may represent a portion of the Pegu group ; but it is 
])orhaps more ])rol)a,ljly of later date. One of the sharks' teeth, however, 
closely resemhlos one found in the Pegu group south of Tliayetmyo. 

Pliocene fossil-wood group. — The highest member of the tertiary 
series in Pegu is dist;inguished by the almndanee of sillcitied dleotyle- 
donous wood, and is the source whenee all the fragments of tka.t 
substance, so abundant in the older and newer alluvial gravels of the 
Irawadi, are derived. The fossil-wood grou]) is much coarser than the 
underlying formations, and consists of sands, gravels, and a few beds of 
clay or shale, all, as a rule, being soft and incoherent; althougli oeeasion- 
ally hard sandstone or conglomerate bands occur. The group is llius 
sub-divided : — 

a. E'ossil-inood sanda. — Sjiiid, in part gravelly and conglomeratic;, chanieterised 
by a profusion of (;oncretioiis of iron peroxide. 

h. Fine tiiliif clay y wiili a few Kinall pebbles. 

c. JSands\ shales, and a few congloineraic beds, witli a little concretionary iron 
iwroxide. 

The lowest bed c passes downwards into the marine hands of the 
P(.rru group, and contains, sparingly, rolled fragments of silieified wood, 
and a few inammaliaii bones. Some sharks' teeth also occur. The 
Ihiclviiess of none of these sub-divisions has been clearly ascijrtained ; but 
the lower sands must comprise beds some hundreds of feet thick. The 
line silty clay does not exceed about dO foci in thickness. This bed is 
quite uiifossillferous, neither fossil-wood nor bones liaving been found 

V 1 
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in ilv, and pebbles are rare, tboiigb a few oeeiir. Ti thus forms a marki^d 
band in the group, and eontrasts with tluj beds above and billow it. 

The upper fossil-wood sands and gravels are by far the most import- 
ant members of the formation, and it is from them that the greater 
jmrtiou of the silieified wood is derived. This wood oecnrs in the form 
of large and small masses, some being trunks of trees 4t) or bO feet 
long; usually, however, such masses display marks of attrition, as if (bo 
tree stems before being silicified had been transported to a distance 
and rolled. The wood is always, or nearly always, exogenous; a few 
rolled fragments of endogenous wood found in newer forniiitions being 
nevertheless, in all probability, originally derived from the present group. 
The wood is not. coniferous ; but owing to the very considerable amount of 
decomposition it had undergone ])revious to silieifieation, its nature is 
difficult to determine. Eesides the fossil-wood, aiioibcr charael eristic 
of this port ion of the group is the abundance of concretionary nodules 
of hj'drated iron peroxide ; these are in places so numerous as to have 
furnished a sup])ly of iron ore for the native furnaces. Mammalian 
bones are of only local occurrence. 

The following is a list of the Ter/cbmta, exclusive of sharks^ teeth, 
hitherto obtained in the Irawadi valley from the beds of the fossil-wood 


Mammalia. 


group : — 

ZJrsuif, sp. 

* TJvphaa {Stepodfm) cliflii. 

* JMastodou /(t/iden.f. 

* it/, slvalcnsis. 

JZh In occros i ravadicus. 


TapirnHf sp. 

Juijnus, sp. [radicns\ 

ITippapofamns {Jfr.va pratotlun) ira- 
Mcn/ropotam a a d /.v.s / /// 1 Us . 

Cirvifs, sj>. 

7 'is/iimikt'rium iraoadlciun. 

.sp. 


sp. 

* Acerutherliim perimense. 

llErTILIA.* 


Crocodilns, sp, 
Gharlaiis, sp. 
2es-fudi), sp. 

* Colossochcips atlas. 


Jdlmys^ sp. 
TrhmjjiV^ sp. 
JUmpda, sp. 


* Tlioao marked with an asterisk are also found in the Siwaliks of tlio Siil)-IIiiiialtt^’a.s. 


It has been shewn" in the chapter on the Siwalik fauna tliat the rnam- 
malifiu’ous beds of the Irawadi valh^y arc of approximately the same age 


1 Tlu?so {^(‘iicra recorded .‘iiuon^si the Ava specinions in the collection of tin? Asiatic. 
Society, Valcoiier, Cat. Fos. Rcivi. Vert. Mu .As. Soc,, 1850, p. 30 i but as all the si»ocimciis 
were uidabellcd, there is some doubt about the locality. 

- See ante, p, 588. 
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ns the Siwaliks, or pliocene, if the views as to the relations of the Siwalik 
fauna advocated iii the present work he accepted. Silicilied wood abounds 
in places in some of the Siwalik beds of the Punjab and in the Manehhar 
beds of Sind ; but in the Sul>- Himalayan Siwaliks remains of trees are 
carl)onised, not silicilied, and there is no great mineralogical resemblance 
between tlie Siwaliks and the pliocene sands and gravi;ls of Burma. In- 
dependently of the fact that the rocks supplying the materials from 
which the l)eds have been derived east and west of the Bay of Bengal 
are probably very distinct, there is some doubt as to the conditions under 
which the Burmese beds were deposited, owing to thefrecjuent occuiTencc 
of sharks^ teeth ; and it has been suggested that the fossil- wood group 
may have been, in part at least, marine or estuarine. The silicificid 
Avood itself is never bored by xylophagous mollusca [Tt i'cdhiidrf* or Phola^ 
dlih/i) j and as in India, at the present day, not only all wood floating on 
the sea, but all found anywhere in tidal creeks, and even the dead trunks 
and branches of trees in places flooded by the tide, ar(i riddled by boring 
inollusks, it is extremely improbable that the wood found in the 
Burmese i)lioccne beds can have been immersed for any length of time 
in salt wat(n- ; whilst the tree-stems can scarcely have been silieified before 
Ixang imbedded, as they would have been in that case too heavy to bo 
trim sported. It is true that the beds containing sharks' teolli are not 
those in which the fossil-wood is most abundant ; but still some frag- 
ments of wood oc*(;ur with the teeth, and mammalian bones are common. 
The beds generally arc much loo coarse for estuarine deposits ; and if 
they are marine, it is difficult to understand why no mollusks or echino- 
derms, &c., occur. On the whole, it is most probable that the fossil- 
wood beds, like the Siwaliks and Manebhars, are fluvial ilo or subath'ial, 
de])Osited l)y streams and rain wash, and that the sluirks inhal>ited rivers, 
as some species do at the present day. 

But auotlier distinction between the Burmese and Indian pliocene 
beds rcxiuires notices, as it indicates a wide diflercncc in the later geolo- 
gical history of the two countries. The Siwaliks, as has been amply 
shewn in the cha])tcrs relating to the Sub-Himalayan rocks, have boon 
greatly disturbed, turned on end, and compressed by a lateral thrust. 
The fossil-wood beds of Pegu and Upper Burma exhibit very slight dis- 
turbance, and are generally horizontal. It is thus evident that the great 
changes to which the Sub-Himalayan ranges, and probably a considerable 
proportion of the Himalayan elevation, are due, did not affect tliQ Ira wadi 
valley, or only alfeeted it very slightly. 

The fossil- wood beds in Pegu are evidently the mere remnants of a 
formation which once occupied a far more extensive area, the former 
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exisieiioc of the beds bein^ shewn by the oeeurrence in abundance of 
fnig^incnts of silicified wood far beyond the present limits ’of the group. 
At present the only country within British territory where the beds still 
occupy a considerable area is in Northern Prome. These pliocene strata are 
rather extensively distribuU'd east of the Irawadi, between Prome and the 
frontier ; and some large j)atches still exist, although much denuded, on 
the west of the river, in the neighbourhood of Thayetmyo. Judging, 
how’^ever, from the occurrence of the larger blocks of fossil-wood alone, 
and neglecting the small fragments in the alluvial, gravels, the beds of 
the j)resent group formerly extended far to the southward, probably 
along the w’hole eastern side of the Arakan Yoma, and almost certainly 
as far as Rangoon along the Pegu ‘range. A considerable area in the 
Sittoung valley, north of Tonghoo, is also occupied by the fossil-wood l)eds ; 
but no traces of the former existence of this group is found south of the 
Kaboung stream, which joins the Sittoung from the westward a little 
below Tonghoo. There is rather more clay associated with the plio(;eue 
beds in the Sittoung than in the Irawradi valley ; whilst in two small 
outlying j)atches, east and north of Tonghoo, the group is represented 
by a form of laterite ('ontaining numerous pebbles. 

Tertiaries of Upper Burma. — Tho Irawadi valley, from the 
British frontier to the ncighbourliood of Ava, where the melamor])hi(} 
area is (uitered, consists of the same tertiary rocks as arc traversed by 
the river in Pegu ; but the ncw'cr beds Avith mammalian bones and fossil- 
w^ood occupy, comparatively, a much larger area tluin in Pegu. ]t is 
uncertain whether any true nummulitie rocks occur in tlie neiglibourhood 
of tlie river, or Avhether all the fossiliferous clays, shales, &c., should be 
referred to the Rigu mioeene grouj); but the latter is certainly w’^ell 
rej)resented. From the jdioeenc gravels the majority of the marnmalian 
remains hitherto collected in Burma have been obtained. 

About oO miles above Ava, the river again runs through tertiary 
rocks, in which, near Thingadau, some coal has been found. The (juality 
is not A'cry good, but sonic of the seams are from 3 to 5 feet thick. 
Nothing is known as to the extent of the coal-seams, nor liavti any 
fossils been found to shew the age of the beds; but they are probably 
eocene. 

The most impoi’tant petroleum wells in Burma are at Ye-nan-khyoung, 
00 miles north of the British frontier. The age of the rocks has 
not, beciii ascertained ; they contain marine fossils, and probably belong 
to the Pegu group. The wells arc situated on an anticlinal ; all the 
rocks are very soft — too much so for any fissures to remain open in them — 
and the mineral oil is apjiarently derived from a porous stratum. 
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Extinct volcano of Puppa. — About 50 miles norlb-Dorth-cast of 
yc-naii-lvliyoung*, and 25 to «‘50 miles east* south-east of Pag'aii, botli large 
towns on the Irawa-di^ the extinct volcano of Puppa^ rises to a h(M*ght of 
about f(‘et above the undulating country, composed of pliocene 

sands and gravels. The mountain has preserved its original form to some 
extent ; but the crater has been greatly broken down by denudation, and 
the rim com])letely cut away at one point; whore the drainage from the 
interior has made itself a means of exit. Tbc peak consists of ash 
brec(;ia ; but lava-flows, mostly trachytic, form the lower slopes and the 
surfax.'e around the base of the volcano. Amongst these flows, some 
consist of a. very beautiful porphyry, with crystals of pyroxene. 

l^lie horizontal beds of gravels and sands around the base of the 
volcano contain fossil-wood and ferruginous concretions, and belong 
a])parently to the pliocene fossil-wood group. They are capped by the 
lava-flows, and contain pumice and volcanic fragments ; and in one place 
a bed of ash breccia was found intorstratilied with them. It appears 
highly probable, therefore, that the volcano was active in pliocene times ; 
but it may have continued to emit lava and seoriie at a later period. 

Par to the northward, in Yunnan, in latitude 25°, another extinct 
volcano has been observed near Momein.^ 

Trachyte in South-western Pegu. — About 4 miles cast l)y north 
of the village of Byangyee on the Bassein river, 11 miles south of 
Nga-])U-tau, and 30 miles south of Bassein, a mass of trachyte occurs, 
.about 0 feet in diameter, and known in the neiglibourhood as kyoiik- 
ta-lon.^^ The relations of this mass are obscure, but it may he ])art of an 
int rusive pipe vein : there is no reason to su])])osc that the block can 
have been transported from a distance. It. is remarkable that the spot is 
only 15 miles east of a straight line from Barren Island, an active 
volcano in the Bay oF Bengal, to Piip})a. It is by no moans improbable 
that the Moincin volcanic outburst is connected with the same line of 
vents, and that it is on the ju’olongation of the great chain of volcanoes 
traversing the Malay Archij)clago, or the Mol uccan band of some wu’itcrs; 
th(i idea, so commonly put forward in text-books, that the northern 
extremity of this volcanic line is to be found in Kamri and (>hednba, 
being duo to a mistaken notion as to the nature of the mud volcanoes in 
those islands : the real character of the latter outbursts will be cxj)lained 
presently, after a brief notice of the post-iertiary and recent formations 
of Burma. 

» J, A. S. 15., XXXI, 1862, p. 215. 

* Anderson : lleport on the £.\x)edition to Western Yunnan, pp. 90, 312. 
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Post-tertiary deposits : laterite. — Here and therr ^ ed<^e 
of the alluvial tracts of the Irawadi and Sittoung river^ Peg'll and 
Martaban, laterite of the detrital low-lcvel type is as 

usual, a cap to other rocks, and having a very low dip 
from the sides of the valleys. The laterite appears to h'lsc- 

nient bed of the post-tertiary gravels and sands ; and^^^,j^ oravcls 
apparently derived from the denudation of the massive la^ arcTlar^-ely 
dispersed through the older alluvial deposits. ^ 

A few patches only of laterite occur in the Myane^ district west 
of the Irawadi ; but the rock is more 

the Pegu Yoma. To the east of that range laterit ^^j^^i-ally want- 
ing ; but to the east of the Sittoung river there is a u 
this formation along the base of the inetamorphic hi rpj^^ hiteritic 
rock here forms a ])lateau, rising 50 or 60 feet above 
Sittoung valley. Some laterite is also found in Tenasserii'^^^^^^^^ 
extends into the Malay Peninsula. ’ 

Older alluvial sands and gravels.— Along the 
Irawadi and Sittoung alluvium, there is a broad, but interrujj 
unduhiting ground, clearly distinguished from the flat alluvirp^lj^g 
the river, botli by the greater inequality of its surface and ; 
sandy character. This tract is locally known as ^‘Eng-c^v 
country of the Ihig tree {Dipterocarpm grand ijlom); but the is 

naturally applied to the very similar sandy tracts occupied bj^^ pliocene 
fossil-wood group, so that the popular distinction does D^^ccisely 
coincide with the geological limits of the formation. 

The Eng'-dain tract is composed chiefly of gravel, derived i, 
measure from the neighbouring hills, but partly fi’om a dista^ 
portion of the deposits, as on the edge of the Ganges valley,^ ^^-ImOlv 
bo bhabar,^^ the detritus washed from the surface of the hills 
and small streams, and forming a slope at the base of the range ; 
Pegu, as in other countries with a licavy rainfall, this slope is 
able, and a great portion of the alluvial gravels arc simply strej 
river dfe])osits. Similar beds of sand and gravel are found 
])laces underlying the argillaceous delta deposits of the Irawadi, c 
evidently of more ancient origin. 

Besides the fringe, of variable width, formed by the gravels ale, 
edge of the older rocks, large tracts of the same older alluvial depoj, 
found in places isolated in the delta, forming occasionally 
to a considerable height above the flat country around. One suc]j^„^,^ 
about 20 miles long from north-east to south-west, by 10 miles U 

‘ St'e antey p. 40^^ 
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occurs oast of Nga-pu-taii and south of Bassein ; another, of about the 
same dimensions, lies south-west of Rangoon. These areas may tc 
ancient hliano-ir d(!])osits, or they mny ho caused l)y lo(‘al upheaval. 

Delta of Irawadi. — Except in the immedinie vicinity of the river 
there is no important expanse of alluvial deposits in the valleys 
()1 the Burmese rivers ; the hods of all, immediately above their deltas, 
are lorined in places by older rocks, and tlu‘re is no such continuous 
alluvial plain as is found along the course of the Ganges and Indus. 
Small tracts of alluvium occur, as usual, every here and there; but the 
wide uiidulaiing plains in the neighbourhood of the river in lJp]>er 
Burma are composed, not of river alluvium, but of the pliocene fossil- 
wood de])osit,s. 

(-\)mj)ared with the Gangetic and Indus deltas, those of the Irawadi 
and other Burmese rivers convey an idea of imperfection and bacikward- 
ness, as though the latter were of more modern groydh than the 
fornu'r, and had made less progress towards the formation of a great 
f(udil(‘ plain. The Sal win cannot be said to have any dtdta at all ; and 
in theTrawndi dtdta, as has already been mentioned, elevated tracts, both 
of rock and of the older alluvial deposits, occur in the neighbourhood 
of lJ\e sea. (.'ousidering the size of the rivtu*, the Sitfoung delta, if the 
alluvial j)laiii exteiidiug to the northward ))cyond Toughoo be iueluded, 
is proportionally more extensive than that of the Itawadi; luit still the 
broad Gulf of Martaban extends into the very mouth of the Sittouug 
river. 

The Irawadi delta^ extends from the Rangoon river to the Bassein 
rivei*, and the head of the delta may be placed near Myanoimg.'-^ The 
iirstjinjiortaiit distributary — that forming the head of the Bassein river — 
leaves the main river a little above - Ilerizada ; but water overtlows in 
floods some miles above Myauoung, and liiids its way to the sea by the 
Myit-ma-kha Kh young, the origin of the Rangoon river. The vjirions 
rivers and creeks of the Irawtidi delta arc said to be far less liable to 
cliange than those of the Ganges and Indus; but it must be remeinbcrod 
that the autlieutic history of the latter rivers, and especially of the 
I mills, extends miieh farther back than does that of the Irawadi. The 
general surface of tlic delta near the sea, with the exception of the 
higlier’ tracts already mentioned, differs but little iii elevation from that 

’ Tlioolmld : Utr.. G. S. 1.. Ill, p. 21. 

- Mr. TIicoIkiUI c-ousuIits Mniip^yi, 13tniU» liolow Myauoung, the apex of the tlolhi ; and 
isikiuj? Puviim Point, cast of tlio Uasseiu rivor, and Elophant Point, wost of the Pangoon 
rivt'r, as the two lateral angles, he estimates the distances from Mengyi to Elephant and 
Pnrian Points as 121) and 170 niihfs respectively, the two ]K)ints being 137 miles apart. 
The area of the entire della would thus be H,7l)0 miles. 
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of tlio ^reat Indian rivers ; and Mr. Theo])ald considers that at least 2,000 
square inil(^s nnist he below the level of hi^h spring-tides. Large 
marshes or jhils in Burmese) are fovind ocen])ying the depressions 

between the raised baiiks of the ])rineipal streams; and tlie whole region, 
es|)(?eially in the neighbourhood of the sea, consists of a network of 
tidal creeks. Little appears to be known as to the progress of the delta 
seaward : judging by the contour of the coast, it would appear that 
the Irawadi, owing to its far greater size, and perhaps to the larger j)ro- 
j)ortion of silt transported by its water.s, had pushed its deli, a seaward far 
beyond the Sittoiing. The Salwin travcirses for the most part an area 
of hard metamorphic rocks, and probably brings down but little detritus ; 
so that the conversion of the Gulf of Martaban into land, if it is ever 
to be effected, must dei)end largely upon the deposits from the Irawadi. 

The alluvial ])lain and delta of the Lower Irawadi consist mainly of 
a clay 1 very similar to that found in the Gangctic plain, but containing 
much less lime, and, in consequence, ])oor in kaidcar. The colour is 
generally yellowish-brown, sometimes reddish, owing to the i)rcscnce of 
peroxide of iron. The proporti6n of sand varies, and is, on the whole, 
greater than in the Gangctic alluvium. A few thin layers of sand occur, 
interstrati lied with the clay; and a band of dark-blue or carbonaceous 
clay, a few inches in thickness, has been noticed in several localities. 

The clay, in many places towards the head of the delta, is seen to 
rest upon pebbly sand, and the latter is frequently found beneath the 
clay in the delta itself ; wtIIs being sunk through tin; argillaceous surface 
formation to the porous stratum beneath. In the absence of any bor- 
ings, liowever, it. is impossible to say what the nature of the beds at a 
depth below the surface may be ; and it is not clear whether the sai;d is 
the underlying formation throughout, or whether it is merely intercalated 
between beds of clay. 

On the surface of the clay, in the immediate neighbourhood of the 
river, deposits of silt and sand arc found in some places, and resemble 
the khadar deposits of the Ganges valley. No extensive area, however, 
is covered by these sandy beds ; they form a narrow belt along the river 
channel above the influence of the tide, and oc(!upy a rather larger area 
around Pantanau. The deposits of the Sittoung alluvial plain closely 
resemble those of the Irawadi. 

* Mr. T1k*()1)jiU1 coiisulcvs this cljiy inariiio or cstnnriiie, but no fossils bavc boon found 
in it ; and bis main arguments, founded on the similarity bedAvren tb(; (days of the Irawadi 
and (Inngotif, dfltas, are of course fuvonniblo to the Iluviatilc origin of the Irawadi clay, if 
tbat oi the Ganges be also, us has already been contended (anle, p. 393), of fresh -water 
origin. 
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Littoral concrete of Arakan coast.— In many on tlio 

Araknn coast, and especially alongf tlie course of several of the less 
sli(‘li.ered tidal crocks, a more or less compact calcareous sandstone, con- 
taining shells and corals of recent species, is found at some elevjition 
above the level of the highest tides. The rock is ])orous, evidently 
formed by the cementation of shells, sand, &c., by carbonate of lime; 
and picfiscly similar to the littoral concrete of Bombay, Kaltywar, 
&c. As ill AVestern India also, the presen(.*e of this calcareous rock oii the 
Arakan coast affords evidence of a rise of land within a geologically 
recent period. 

. On the shores of llamri and Cheduha, the evidence of elevation is 
very marked,.ind some details of the amount and date of the latest move- 
ments have been recorded. ^ By these accounts it is shewn tliatj the last 
rise of the land took place about 1700, and varied in amount from 9 to 
22 feet, being greatest in the north of Cheduba, and less to the south- 
east and north-west. 

A fiivv sand dunes are found on the Arakan coast, but they are small 
and uiiimpori ant. 

Mud volcanoes of Ramri, &c. — The peculiar geological pbcuo- 
menu presented by tlie so-enlled ^^mud volcanoes of Arakan and Burma 
<l(\serve a passing notice. Tlie best known vents arc tliose of Alembii ^ 
(Meiibo or Meinboo) on the Irawadi, 42 miles north of the British fron- 
tier, and those of the islands of llamri and Cheduba on the Arakan 
coast ; a few others are reported, but they are small and isolated, and 
consist only of temporary outbursts,^ 

The llamri mud volcanoes are more interesting than the others, since 
they alone, so far as is known, arc subject to paroxysmal eruptions of 
great violence, and from them alone stones have been ejected and flames 
emiiteil. Some of the priiici])al plienomeiia may be briefly described 
here. There arc about a dozen or rather more vents in Tl^mri Island 
itself, more than half that nuuibcr in Cheduha, and a few in the other 

* lliilstod ; J. A. S. D., X, 1841, p. 434; sue also Mallet : Rce. G. S. I., XI, p. ICO ; and 
Map of Arakan IkIiiiuIs. 

5* For a description of the mnd volcanoes of Memlni by Dr. Oldham, see Yule’s 
€* Narrative of the Mission to the Court of Ava in 1855,” ]). 339. The Kiiinri and (Cheduba 
mud volcanoes art^ described, with full references to earlier accounts, by Mr. Mallet : Itec. 
G. S. I., XI, p. 188. Figures of the cones are given in both cases. Mr. Mallet’s paper 
was published after page 379 of the present work was printed ; hence the omission of a 
reference. 

3 No “ mnd volcanoes are found in the Indian Peninsula or in the Himalayas ; hut there 
is one in Assam, jiiid tlu?rc arc some on the IJaluchistan coast, west of the British frontier. 
See for dcscriiitious, Trans. Bom. Geog. Soe., IX, p.eviii ; X, p. 154 ; Stiffe : Q. J. G. S., 1874, 
p. 50. The details differ in iio res^sjct from those of the Edmri vents. 
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iioig'hboiiring islands. Near Kyouk-plij^u (Kyauk or Kyouk-phyoo) in 
lliiniri, six occur in a line, within a distance of about a mile and a half, 
alon;^ the summit of a low broad ridg'e. 

Many of the vents consist of truncated cones, built up of the dried 
mud ejected by outbursts of ^as. The crater, filled with mud, more 
or less liquid or viscid, through which the gas escapes, occupies the top 
of the conical liillock. The majority, howevc^r, of the llainri “ mud 
volcanoes consist of mounds composed, on the surface, of angular frag- 
ments of rock, and. having scattered over them a few small mud coin's 
of trifling height (from a few inches to 8 or 10 feet), with craters at the 
fo]). When gas ceases to be emitted from a vent, the mud is raj)idly 
washed away by rain, and a low mound remains, composed of angular 
fragments of rock, ejected together with the mud; and a similar process 
accounts for the formation ot‘ the moiinds. * The mounds in llamri are from 
50 to too yards in diameter, with a height of from 15 to 30 feet ; two of 
exceptional size, in Cheduba, near Pagoda hill, being 200 and 250 yards 
across. The cones in which the mud is vistad are very steep, being built 
up jiartly of small quantities of mud spurted out by the evolution of 
gas, so as to form a hard rim round the mud crater, partly of mud 
poured out from the crater down the slopes through broken portions of 
the rim. 

Besides the gas and mud, a small quantity of petroleum is usually 
discharged from the vents. The gas consists mainly of marsh gas (light 
(carburet ted liydrogcn), mixed probably with some of the moro volatile 
bydroearboiis usually associated with petroleum. The mud is sim})ly 
the grey shale or clay of the tertiary rocks, mixed with water, contain- 
ing some salt in solution. There is not the slightest connexion witli any 
real volcanic action ; no igneous rocks are found, and if some few stomjs 
appear to have been subjected to heat, this is due to the occasional ignition 
of the inflammable gases emitted. The only distinction between mud 
volcanoes and ordinary emissions of marsh gas is, that in the Former case 
the gas traverses a bed capable of being easily mixed with water, so as 
to form mud; and this, like the water and petroleum, is carried to the 
surface by the gas. The term volcano applied to such phenomena 
convoys a false idea of the nature of the action. 

The association of petroleum with large quantities of marsh gas, 
and the frequent emission of water, usually saline, and of gas in abund- 
aiice, from borings for mineral oil, are too well known to require the 
rcca\hfculatioii of details. Both the petroleum and the gas are produced 
during the slow change of woody fibre into lig*nitc and coal, and both 
products arc known to be found in many localities amongst the tertiary 
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rocks of Extra-Peninsular India and Burma. Not urifrequently both 
^as and mineral oil issue with water, in the form of a ])ubbling’ spring* ; 
both water and petroleum being-, perhaps, forced to the surface by the 
pressure of the gas. Whether a sprinjg of this kind forms a mud vol- 
cano or not, depends evidently on the nature of the beds traversed on 
the Avny to the surface. As a rule, the mud in these vents is either of 
the same temperature as the air, or a little lugher ; but in the Bamri 
craters a higher temperature has been ^recorded after the more violent 
cru])tions. 

• lliese paroxysmal eruptions appear to occur at in’Cgular intervals, and 
are at times very violent ; they appear frequently, perhaps usually, to 
a(*company earth(|uakes ; mud and stones are shot out. with great force, 
accompanied by large quantities of inflammable gas, which in many 
cases takes fire, and lights up the country for miles around. Some of 
these eruptions of ignited gas liave taken place at sea off the coast of 
Rainri ; and in one case a small island was formed near False Island, south 
of K«amri and south-east of Choduba; but it was soon washed away again. 
The ejected stones arc in all cases fragments of the tertiary rocks, chiefly 
shale or sandstone, some of them being from half a cubic foot to a cu])ic 
foot in size, and a few larger; but the majority are from half an inch 
to 5 or 6 inches in diameter. The ignition of the gas is ascribed by 
Mr. Mallet to frictional electricity,* and not to the high temperature 
at which the various ejecta issue ; the fact that the stones and even frag- 
ments of lignite throwui out during eruptions are, as a rule, entirely un- 
changed by heat, proving that the gas is not in a heated state jaevious to 
emission. A very few fragments of burnt and reddened shale have bt*eii 
found, and these have probably been calcined by the flaming gas; but they 
are rare and exceptional. 

It should be noticed that even the fiery eruptions of the ^^mud vol- 
canoes^^ of Arakan have nothing in common with the igneous outlnirsts 
of true volcanoes. In the former, gas emitted at, in all probability, a 
low temperature, is ignited, or perhaps occasionally exploded, when mixed 
with atmospheric air, and flame ensues ; in the latter red-hot lava and 
scoriae are ejected, and the aj>])caran(jc of flame is due either to the high 
temperature of the substances ])rojeeted into the air, or to the reflection of 
masses of flowing lava by condensed vapours or by clouds of volcanic dust. 

^ /. C-, p. 202. Mr. Mallet points out that the principle of the liydro-elcctric machine, 
in which the in’oduatjoii of eleelrieity of high tension is due to the issue of partially' con- 
densed steam through sinuU oriliees of such form us to produce* great frivtion, is similar to 
that of violiiit evolution of gas from such vents as those of Uaiiiri. IJj also uotiees the 
well-known fact that lightning often ticcoiiipaiiies volcanie eruptions. 
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Islands in the Bay of Bengal. — Of the islands in the Bay of Ben- 
gal, exclusive of tliose forming the Mergiii Archipelago, \v4iich consist 
of dclachocl ‘fragments of the Tenasserim rocks, and of the geology 
of which but little is known, the only groups requiring notice are the 
Andamans and Nicobars, Nareondam and Barren Island. 

The Andamans, and probably the Nicobars, arc a continuation the 
Arakan Yoma, the islands of Preparis and the Cocos being ])arts of the 
same line of elevation, and serving to connect the northernmost, of the 
Andaman group witli Cape Negrais. The idea expressed in some geologi- 
cal works, that the continuation of the line of summits formed by tlie 
Nicobars and Andamans is to be traced in the islands of Cheduba and 
Jtamri, is not quite accurate, as may be seen by examining a good maf). 
To the southward, the same line of elevation may, i)erha[)S, be continued 
in Sumatra and Java, as the rocks of all these islands present some points 
of similarity ; l)ut no trace of the volcanic band, so conspicuously dc- 
vidoped in Java and Sumatra, is known to exist in the Nicobars or 
Andamans; and the northern extremity of the great series of igneous 
vents which traverses the Malay Peninsula may probably be found, as 
alreadv noted, in Barren Island and Nareondam, and j)erhaps still fcifthcr 
north, in the extinct volcanoes of Upper Burma, and Yunnan. 

Andaman Islands. — Although there has been a large convict settle- 
ment on the Andamans for nearly twenty years, and although the isl.ands 
have re])eatedly been visited by geologists, veiy little is known of the 
rocks, excej)t in the neighbourhood of ]\)rt Blair, the British station. 
The islands arc for the most part covered with dense, almost impeiK'trable, 
forest, and the coasts, owing to coral reefs and rocks, arc dillicidt of 
access. The only geological information of any imi)ortanc(^ hitherto 
published is contained in Mr. S. Kurz’s lleport on the Vegetation of the 
Andaman Islands,” ^ and in a few details given by Mr. Ball ^ of the 
neighbourhood of Port Blair. 

The Archipelago consists of Great Andaman, comprising North, 
Middle, and South Andaman, and Rutland Island, all separated from each 
other by narrow straits or inlets ; Little Andaman, about 35 miles 
south of Rutland Island, and numerous smalPislets. The larger islands 
are hilly, and consist of ranges having a general direction from north by 
east to south by west, i>arallel to the longer diameter of the group and 
to the line running from the North •Andaman, through the Cocosand Pre- 
paris, to Cape Negrais. The highest elevation, Saddle Mountain, in North 

1 Published in 1870. A Geologicul map is given, shewing the nature of the rocks in 
all places visited liy Mr. Knrz. • • 

“ J. A. S. B., 1870, XXXIX, l*t. S, !>. 231. 
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AiKlamaii, rises to railicr more than 3,000 feet above che sea; Ford Peak 
on Iliilland Island may cxec(jd 2,000; but most of the ridg*es are lower. 
Nothing* is known of the ffoolo^y of North Andaman, nor of Little 
Andaman; but they in all probability consist of the same rocks as the 
other islands. 

The formations of Middle and South Andaman are extremely simi- 
lar in a])])earancc to the Negrais rocks of the Arakan Toma, and in all 
pro]>ability l^elong to the same group. The prevailing rock is sandsione, 
line-grained, grey or greenish in colour, and often containing shales 
intercalated. Tj*aces of coal occur, chiefly in nests, no true scam having 
been detected. 

An indurated chloritje rock of a dark-green colour, rather fel- 
spathic, intersected by small veins of quartz and caleite, and containing 
crystals of quartz ahd other minerals in small cavities, extends for a 
considcralde distaiute northwards from Port, Blair, and j)rol)al)ly the same 
band rea])})ears in the Middle Andaman. This bed has the ap}>oarance 
of b(‘ing a greatly altered form of sandstone, and is precisely similar to 
one of the rocks occurring in the Arakan Yoma. Serpentine and 
gabbro a-r(j found largely developed south of Port BVdr and on Rutland 
Island, and arc doul)tless intrusive. A ** micro-crystalline syenite^' was 
noticcHl in one locality by Mr. Kiirz; it is doubtless a form of the dioritic 
rock found locally associated with the serpentine in Pegu. 

Unlike the Arakan coast and the Nicobar Islands, the Andamans 
appear recently to have undergone depression.^ Stum])s of dead trees 
are found in several places in the sea; and although some of tliese trees 
grow in the mangrove swamps, others 1)elong to sj)ecies which grow 
above the limit of high tides. There arc also some records of encroach- 
numt by the sea on the coast, since the period of attempts at settlement 
in the islands towards the end of the last century ; but these changes 
might be due to marine denudation. The evidence afforded by the tree- 
stumps appears, however, indisputable, and it shews that the movement 
of sinking must he very recent. No raised coral reefs have l)eon 
detected, although some hands of conglomerate on the western side of 
the islands may indmate local elevation ; but, on the other band, the exist- 
cn(*c in abundiincc of kitchen-middens,” just where they might he 
ex])ectcd to occur, clo.se to the coast, ap])ears to indicate that the sinkiiig 
has been local, or else that the late movement of dej)rcssioii is cxeep- 
tional. 


’ Knrz : 1. r., p. 4. 

- Sioliczka : IVoc. A. S. B., 1870, p. 13. 
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Nicobar Islands. — The geology of the Nicobars has been described 
by Danish and Austrian observers, members of the Cralathca and Novara 
Exj)editions.^ The interior of the larger islands has never been examined ; 
but, from observations made on the coast,, a fair idea of the general 
geology has been obtained. There is a vague report of the existence 
of an active volcano in Great Nicobar, but no traces of recent igneous 
rocks have been discovered on the island ; and althougli Uochstetter 
remarks that the highest peak of Great Nicobar has the form of a volcano, 
he is disinclined to believe that the mountain is really of volcanic 
origin. 

The rocks of the Nicobar Islands, so far as they are known, comprise 
the following formations : — 

1 . Itereiit coral roof formations. 

2. Marino deposits, consisting of sandstone, slnilcs and clay.- 

8. ScTpontiiio and giibbro (intrusive). 

liink considers that there arc sedimentary deposits of two ages, exclusive 
of the raised coral reefs; and he calls the newer ‘‘older alliivium,^^ and the 
older “ brown coal formation.^^ The former comj)rises some argillaee(Uis 
formations in the* northern islands ; llu.* latter the sandstones and shales 
of whidi the southern islands are chielly eom])Osed. Hoehstetter classes 
all together, and is inclined to refer the whole to the newer tertiaries, and 
probaldy to u])per mioeenc. 

This view cannot, however, be accepted as coiielusive in the case of thc^ 
sandstones and shales, liall'’ has pointed out 1 lie similarity of Ibese beds 
to those of the Andamans, whore the rocks are in all proha1>ility older 
tertiary or eretaceous ; and the association of scr])cntiiie and gahhro is 
a character common to the rocks of the Ni(obars, the Andamans, and 
Arakaii. The principal tertiary formations of Sumatra also are known 
to be of eoc(;ne age ; and it is highly i)rohal>]c that similar rocks to those? 
of the Sumatran mountains oceiir in the Nicobar Islands, as the hitler 
appear to he merely a prolongation of the foJTiier. AVith the excej)- 
tion of a few oliscure vegetable organisms, no fossils have been found 
in the Nicobar sandstones and shales. 

' Jtiiib, Die Nicobiiriscbcii Inscln ; Kopenbagen 181-7 : ITocbsrt;cttcr, Keiso dor Novara ; 
flcologiscbcr Tbcil, 11, pp. 83-112 ; Vienna, 3806. A translation of the bitter by Dr. 
Stoliezka was printed in the Records of tbe Geological Survey of India, 11, p. 513. The 
geology of tbe neighbourhood of Nuiicowry harbour has also been described by Mr. Ball: 
.1. A. S. B., 1870, XXX IX, I*t. 2, p. 25. 

- In Uec. (t. S. I., II, pp. 0 1, 65, Ac., the German term “mcrgel” is translated clay-marls. 
This is incorrect, as the beds in question arc free from lime: see Ball, J.A. S. B., 
1870. rt, 2, p. 27. 

a I. c., p. 27. 
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If, however, the sandstones and shales of the Sojithcrn Nicobars he 
older tertiary, it is far from improbable that Rink was right in separating 
the whitish yellow clays of Camorta, Nancowry, and others o£ the 
northern islands of the group ; and the newer age of these clays is sup- 
ported by the o'ccurrcnce in them of detrital serpentine and gabbro 
fragments ; for these igneous rocks are she’wn to be of later date than the 
sandstones and shales, by being intrusive in the latter. At the same 
time the clays in c|uestion are, locally, much disturbed. 

The whitish clays of Camoria and Nancowry collcf/twl l»y Rink wt re 
found })y Ehrenberg to contain rohichthta in great abundance, no b^ss 
than .'300 s])ecies having been identified from Camorta alonr.^ Tb»' 
species arc nearly the same as those composing similar clays in Kar- 
badoes in the West Indies, and are considered as j>roba]dy of rniocene 
age. 

The serpentine appears to Ijc much more largely replawl by gabbro 
than in the Arakan Yoma, diallage and bronzite being of very cr-nunon 
occurrence. These intrusive rocks break through llie shales and sand- 
stones, but fragments are associated with the Poli/chfina ('la\>j; and 
consequent ly tlie period of the seqicmtine (‘ruptions, altliough posterior 
to the former, was prior to the latter. Serpentine and gabbro are cliiefly 
developed in the noilhern islands, Teressa, Boinpoka, Camorta, and Nan- 
eowry ; whilst Tillanebaiig is almost entirely composed of tJiese rocks. 

The ujuaised coral reefs arc foiiiul on the coasts of all the islands in 
jilaees; they form a raised flat fringe, a few feet alxive the sea, and are 
covered hy a icrest of eocoaiiut palms. On Car Nieohar, I3om])ok:i, 
and several other islands, these coral banks arc of great lliickness, and aref 
raised 30 or 40 feet above the sea. The formation is clearly the same as 
the ^Mittoral concrete of Arakan and Western India, but richer in corals ; 
and the same conclusions as to a recent rise of laud arc to be drawn from 
the oeeurreiKie of this fringe of sub-recent mai’inc beds. . A large collee- 
tif)n of F(yrawur}fera was made from the raised <;oral reefs of Car Tsico- 
har l)y Prof. v. Ilochstetter, and described by Or. Conrad Schwager.- 

Barren Island and Narcondam. — The last of the Bay of Bengal 
islands requiring notice differ entirely from all the others,, liy being, the 
one certainly, the other in all jirobability, recent; or sub-receiit volcanoes." 
Barron Island lias been repeatedly described by various visitors; Nareon- 

1 Moimtslicfte K. Akad. Wiss., Berlin, 1850. p. 470; Abli. K. Akad. Wiss„ Berlin, 1875, 

]). 116. Numerous recent and sub-nvent fresh-water infusoria from tbc Nicobars arc 
described in tbc same autbor’s ‘* Mierof^eolof'ie.” 

- Ueisc del- Novara, (Jeol. Tbeil, II, pp. 187-268. 

3 For an aocrount of tbese tAVo islands, Avith full references to furmc.- descriptions, see 
Ball, liec. (1. S. I., VJ, pp. 81-90. 
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dam has never been properly examined, and no one appears to have 
recorded an ascent to the peak. 

Barren Island is about If miles in diameter, and nearly 0 miles in 
circumference, the highest peak being about 1,000 feet above the sea. 
The island rises from deep water. A high encircliiig ridge*, broken 
down nearly to the sea-level on the north- w’est- by -west side, surrounds 
a central hollow, in the middle of which a cone rises to a height of 050 
feet, with a small crater at the top. The whole consists of basaltic lava 
and ashes, the encircling rim being doubtless the remains of the original 
cone, after a large portion had been blown off by a violent eru])tion. 
The statement in many geological works, that the sea enters the inner 
basin, within the encircling rirn, appears to be due to a misunderstanding 
of the original description. 

This volcano was very active at the close of the last and beginning of 
the present century ; of late years it ia not certain that any eruptions 
have been recorded. 

Narcondam, like Barren Island, rises abruptly from the deep sea to a 
height of about 1,300 feet. In consists of a tolerably regular cone, 
somewhat truncated at the top, where it forms three small peaks. The 
rocks on the bea^jh consist of a conglomerate containing boulders of 
tracbytic porphyry. The island is elicircled by dense forest, wliich it was 
found impraciicable to penetrate in the only recorded visit made by 
geologists. There can be no reasonable doubt that the island is a volcano ; 
but no eruptions have been recorded, and the igneous action to which 
the peak is due may be extinct. 



GLOSSARY. 

Acicular: (acicAda, a little needle). Needle-like, long and ‘fine ; a term 
applied to crystals. 

Ackogen : . summit; ylypofiag, I am formed). A subdivision of 

ciyptogamic plants, comprising JSquisetacecBy ferns, mosses, <&c. 

Actinoltte : (aicr/s, a ray; XidoSy a stone). A variety of bomblende or 
ampbibole, usually of a green colour, and frequently translucent ; 
it occurs in long acicular crystals, and is often found in metamor- 
pliic rocks. 

AcTtNOzOA: (oKriSy a ray; animal). A class of CcBlenteraia, called 

also Anthozoa. * 

Agate ; (derivation said to be from the river Achates in Sicily} . A variegated 
form of silica, banded with different colours, or with opaque and 

^ translucent layers alternating. It is commonly found lining 

cavities in basalt and other volcanic rocks. 

Albite : (^albns, white) . A kind of felspar, usually of a white* or grey 
colour, and differing from orthoclase or common felspar in contain- 
• ing soda instead of potash, and in crystallizing in the triclinic or 
anorthic system. 

AiiGJ] : {alga, seaweed). A class of cryptogpmic plants, comprising various 
aquatic forms, such as seaweeds, and also very many low types, 
such as ConfervtB and DlaioinacecB. 

Alluvium ; {alluo, I wash against). Clay, silt, sand, and gravel deposited 
from water. The term is usually restricted to deposits -from rivers, 
lakes, and seas, still existing, or which existed in very late geolo- 
gical times ; and it is especially applied to the deposits formed by 
rivers when overflowing their banks. 

Alum : {idu'tnen'). A hydrous double sulj)hate of alumina and of an alkali. 
Common alum contains* potash. 

Alumina : An earth : the sesquioxide of the metal aluminium, containing 
two equivalents of the metal and three of. oxygen. Alumina 
combined with silica is the basis of all clays. 

Amethyst : (aptflwaros) . Quartz or rock crystal, of a pink or purjilo colour, 
the colour being due to the presence of manganese or iron. 

w 1 



\ 


GEOLOGY OF INDIA. 


jct genus of tetrabrancliiate* cephalopod mollusca, cliara- 
and. coiled in a plane spiral. The shell is distinguish- 
of the still-surviving genus Nautilus by the sutures 
^ ihuch curved and crenulated, an^ by the si ph uncle being 
<if)rsal or external. By many modern palasontologist-s the genus 
has been divided into several.’ Ammonites range* from car- 
^ \tral boniferous to cretaceous, and are especially characteristic of 
•lih i mesozoic strata. 

Amorphou)^^ i)rivative, and form). A term applied to such 

mine^ fargal substances as present no apj)earance of (Tystallizntion. 

Amphibia: botx!V‘^yv gnd jd/o?, life). A class of vertebrate aiUnjals, com- 
prising the living salamanders, and the extinct 

JjalyrModonta. By some nai . 'uralists these forms areclass.ed with 
rc‘ptile8, but the two differ greaiiy * t. jn^emhrycjiiii; eharactt?rs, and 
in the fact that all amphibia breathe witli - 

life, -w'hereas reptiles breathe wdih lungs throughoiit. 

Amphibole ; («py>//3«Ao?, amlwguous ; the mineral liaving been confounded 
W’itli tourmaline). Sim ** Ilo7'7id)lmdcJ^ 

Amygdaloid: (dpuySuAor, almond ; cico^, form). A volcanic rock containing 
small nodules of quartz, felspar, zeolite, or sonie other miiK!i*al. 
These minerals liave been deposited in ‘cavities wdiicii were origin- 
ally, in most cases, aii’-bubbles in the molten rock. 

Analcibie : (drdXKig, weak ; in allusion to its weak electric powder when riibhed) . 

A zeolite, compo.sed chiefly of silica, alumina, aTid soda, and crys- 
tal listing in the cubical or monometric system. The ordinary form 
•is a trapezoLedron. 

Anamesite : (drape croc, intermediate). A fine-grained variety of dolcrite or 
basalt, in whieh the constituent minerals are so minutely crys- 
tallized, that the rock ap})cars homogeneous, except under the 
microscope. 

Anastomoze : (drao-Tdpwo-15, inosculation)- Toropen into each other. A term 
fipijlicd to tlui veins of leaves when they unite to form a netw^ork. 

ANGros^ERBIS : (dyyeior, a' vessel ; aTrtppa, seed). The great subdivision of 
dicotyledonous phanerogamic or flowering plants, with their seeds 
encavsed. All ordinary dicotyledonous plants, except eyeads, conifers, 
and Guctaccoi are angiospermoas. 

Annelida ; (anndhis, a little ring). Annelids, a class of Annulosa or 
Articutata, comprising ’worms, Serjmlt^, Ac. 

Annulosa : {annulus, a ring). A primajy division or suhkingdom of 
animals, comprising worms,, crustaceans, insects, &c., and corre 
spending to the Cuvierian Articulata. 

A NORTH! c : (ur, negative; dp 0 ds, straight). A system of crystals distin- 
guished by having the three axes unequal and all obliquely 
inclined to each other. . 
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AifTHOZOA : (&pdoi, a flower; (wov, an animal). A class of Ccelenterata^ 
called also Actinozoa, comprising tlie coraLanimals, sea-anemones, 
and some otlier[^forms. 

ANTiiiiACiTE : (avdpaiy carbon). Coal, deprived of most of its' volatile 
ingredients, and consisting almost wholly of carbon. 

Anticlinal : (dyri, opposite, and kXIvi^, I incline). The curvature of strata 
in a ridge-like form, the convexity or salient angle being up- 
ward. 

Anticlinal axis. A line drawn along the summit ridge of an anticlinal 
curve. 

Apatite : (dTraraw, I deceive : the name was given from the resemblance to 
other minerals). Mineral phosphate of lime, crystallizing in the 
hexagonal system* 

Apophyllite : (dTTo^uAAtfai, I exfoliate). A hydrous silicate of lime and 
potash, with some fluorine; allied to the zeolites, and occurring in 
the same manner as zeolites in volcanic rocks. It crystallizes in the 
tetragonal or pyramidal system. 

AgUEOUS ROCKS : (aqua, water). Rocks deposited by water, in contradis- 
tinction to igneous rocks, the formation of wliicih has been due to 
• heat. 

ArenaceoI/'s : (arena, sand). Sandy or composed of sand. 

Arcillaceous : (aryilla, clay).* Composed of clay, or containing a large 
propoi’tion of it. 

Arkose. a detrital rock, composed of the materials of granite, quartz, 
felspar, and mica, and consisting frequently of angular fragments 
of those minerals in a sandy or argillaceous matrix. 

Arthropoua : (dpdpoy, a joint; ttovs, a foot). Those classes of Atinuloaa 
which have jointed limbs : spiders, insects, myriapods, and crusta- 
ceans. 

Arttculata: diminutive of a joint). Cuvier's name for 

the great animal subkingdom comprising worms, insects, Crustacea, 
&c., now classcjd generally as Amiulom, or subdivided into AiineUda 
and A rthropoda. 

Artiodactvla : (upTtos, even ; ^(iktvKos, a finger or toe). A subdivision of 
the ungulate or hoofed mammals. Laving the toes of the feet 
either two or four in nuAiber. This group conq^i-ises the ruminants 
and some of the pachyderms of Cuvier, such as the pig. 

Ascidioida: (acTKos, a bag; JSos, form). A class of Molluscoida, also 
known as Tunicata, 

Ash, volcanic. A general name applied to fragments of rock and dust 
(lapilhe, scorice, &c.) ejected from volcanoes. When consolidated, 
the mass forms a breccia, consisting of larger and smaller masses 
of various igneous rocks, such as basalt* or trachyte, in a liner 
matrix. 



740 


GEOLOGY OP INDIA. 


Atol : (a Malay word). A coral island consisting of a more or Ifess perfect 
ring of coral rock surrounding^ a lagoon. The Maidive and 
Laccadive ishinds consist of atols. 

AtiGiTE (avyii, lustre). A mineral known also as pyroxene; one of the 
principal constituents of lavas, and especially of dolerite. It is 
composed of silica combined vnth lime, magnesia, iron, and other 
bases in varying proportions. Augite difl'ers but little in com- 
position from hornblende, and both crystallize in the same system, 
the oblique or monoclinic, but the angles differ. 

Aves : (Latin for birds). Birds: one of ’the classes of the animal sub- 
kingdom of Vertehrata. . 

A/oio : (a, privative; life). A terra applied to the oldest rocks, in 
whicdi no organic remains have hitherto* been discovered. See p. 37. 

Backwater. A name a})plied to expanses of salt water close to the coast, 
and separated from the sea by sand -spits. 

Basalt : (liamlies, Gr. and Lat.) An igneous rock, composed of augite 
and labradorite, often with olivine in disseminated grains. The 
term is chiefly applied to the hard, black, crystalline form of 
dolerite, and especially to that variety of the rock which exhibits 
prismatic structure. 

Basin. A defined area composed of strata, dipping in a concave form from 
the circumference towards the interior. 

Basset or iiasset ed(je. A miner’s term for the outcrop of a bed. 

Bathymetrical: (flafios, depth; peVpor, measure). Distribution according 
to depth in the sea. 

Batiiachia: (/larpaxos, si frog). The Anura or tail-less Amfhihia, includ- 
ing frogs and toads. 

Bed. a single definite layer of a sedimentary rock, irrespective of thickness. 

Belemnite : a dart). An extinct genus of di branchiate CcjLtha- 

lo'poda, having a straight, subcylindrical iriteriial shell of great 
strength, solid and pointed at one end, and expanded so as to form 
a conical cJiambered area, known as the idiragmocone, at the other. 
Belemnites abound in mesozoic rocks, especially in middle second- 
ary or J urassic strata. 

Beryl: (/3//pvAAos ). A mineral composed of silicate of alumina and 
glucina, crystallizing in the hexagonal system, and usually occur- 
ring in hexagonal pyramids. Emerald is a finely coloured and 
transparent variety of this mineral. 

BhXher: (Hindi). See p. 403. 

Bhangar: (Hindi). See p. 404, 

Bhil: (Bengali) = Jhil : a marsh. See 

Biotite : (named after M. Biot). UniaJp- 

of alumina, iron, and magnej'^^^^ ma^esian 
system, and usually dark-grecf^i*b crystallizing i: 

JIT or black in colour. 


mica ; a silica-te 
1 the hexagonal 
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Botryotdal: (/Jorpi/s, a bunch of grapes; fISo?, form). Minerals and rocks 
arc thus termed when, owing to concretionary structure, the surface 
is raised into numerous convex projections, resembling grapes. 

Boulder. A mass of transported rock, tdo large to be classed as a pebble. 

BRACHiorODA: (/Sjoax^wr, the arm; ttows, foot). A class of bivalve shells, 
placed by some naturalists with true mollusca, but by most modem 
systematists in the Mollnscoida, with Bn/nzoa and Tnnicata or 
Asrtdiolda. The Brachwpoda may be distinguished from true 
bivalve mollusca or LamcLlibrancJiiata by their bilateral symmetry, 
by the structure of the hinge and texture of the shell, and, in 
many cases, by having onti valve larger than the other. 

Breccia: (Italian). A rock composed of angular fragments cemented 
together. 

Bronzite. a mineral allied to p3rroxcnc, consisting of silicate of magnesia, 
with a variable proportion of iron, having frecjuently a bronze 
colour and lustre, and often associated with serpentine. Called 
also Endntitc. 

Brown-coal. Lignite of a brown colour, found in teri.iary rocks, and so 
abundant in certain miocene beds in Germany, as to have been 
• furnished a name used by many geologists for a particular epoch. 

BryozoA: (ftpvov, moss; an animal). A class of compound aquatic 

animals, called also Polyzoa, forming a coating of cells on sea- 
M^eed, shells, rocks, &c., or else branclied aggregates (corallines). 
One of the best known forms is the sea-mat or .Flmtra, The 
Bryozoa were formerly classed with the Badiata, and subsequently 
Vfiili MoU/iisca ; but'by most modem systematists tlieyare placed in 
the Mollnscoida with Brachiopodet, to which they are nearly allied 
in structure. 

Hunter: (German; variegated). The name applied to a subdivision of 
the Trias formation in Germany, on account of the prevalence of 
variegated sandstones. The term is now used for a group of the 
new red sandstone, in England and elsewhere, equivalent to the 
German Bunter. 

C-®NOZOiC or Cenozoic : (macros, recent; fwi/, life). The latest great sub- 
division of geological time. The name has been applied by some 
geologists; in preference to tertiary, in order to preserve uniform- 
ity of nomenclature, and to introduce a term corresponding to 
ijicsozoic and palaeozoic. 

Calcaire GROSSiER: (Fr., coarso limestone)- The name of an important 
subdivision of the French eocene tertiary beds. 

Calcareous: (calx, lime). Composed of lime, or iContaining a consider- 
able quantity of it. 

Calcite : (calx, lime). Mineral carbonate of lime, crystallizing in the hexa- 
gonal system. 
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Cambrian. A subdivision of palasozoic rocks, inferior to the silurian. The 
name is derived from Cambria or Wales. 

Carboniferous*: (carbOy coal; fcro, 1 bear). A subdivision of upper paloeo- 
zoic rocks, resting upon the devonian, and beneath the permian. 
The name is derived from the circumstance that all the most 
important coal beds of Western Europe belong to the formation. 

Carnivora: (c^ro, flesh; ro7*o, I devour). An order of mammalia, com- 
prising cais, dogs, weasels, c\vets, bears, seals, &c. 

Cataclysm : (/caro/cAw/r/ios, inundation). A violent flood or deluge. 

Cenomanian ; (from CcnomminiHy the Latin name for the town of Mans). A 
group of the cretaceous system, nearly corresponding to the upper 
gi’eensand of English geologists. 

Cephalopoda ; (#c£^aA»/, head; mwSy foot). A class of mollusks, comprising 
cuttle fish, argonauts, Nantili, AinmoniteSy BelamiiteSy &c# 

Cetacea .* {KiiToCy a whale). An order of mammalia comprising whales and 
porpoises. 

Ceratites : (K£pac, ahoiTi). A genus of Cc'phalopoday nearly allied to Am- 
rtwniteSy but distinguished by a more simple form of suture. The 
distinction, however, is now known to be less important than was 
formerly supposed. The genus is almost peculiar to triassiq stmta, 
though species have been found in carboniferous beds in India. 

Cerusite : {cermsdy white lead). Mineral carbonate of lead. 

Chabasite : ’ . a kind of stone). A zeolitic mineral, a hydrated 

silicate of alumina, lime and soda with a little potash, crystalliz- 
ing in the rhombohcdral system, and generally occurring in ba- 
salt. • 

Chalcedony or Calcedony: (derived from the town of Chalcedon). A 
variety of uncrystallized silica, with a waxy lustre, and either 
transparent or translucent. 

Chalcopyrite : (xaXKoSy brass ; Trvpirrjs, pyrites) . Copper pyrit(^s, sulphide 
of copper and iron, ciystallizing in the pyramidal system. 

Chalk. A soft white limestone. A rock of this kind, belonging to the 
upper cretaceous period, is largely developed in England and 
France, and has furnished the name used for the period. 

Char ; (Hindi ; frequently written chur), A sandbank in a river. The term 
is applied to the banks of sand and silt left dry. on the subsidence 
of rivers after the flood season, and frequently cultivated during 
the dry weather. 

Chert. Impure silica, or flinty portions of rocks. 

Chiroptbra : (x^'P* hand; irrepovy wing). An order of mammalia compris- 
ing the bats. • 

Chlorite : (x^wpoj, green). A hydrated silicate of alumina, iron and mag- 
nesia, resembling mica, but of a green colour and very soft, 9ccur- 
ring chiefly in scales and small crystals iii metamorphic rocks. 
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Chondrodtte : (xor^pog, grain). A silicate of magn(3sia, ^ith part of the 
replaced by fluorine, occurring usually as yellow or brown 
gi'ains in crystalline limestone. 

Chrysolite : (xpvtras, gold). A mineral identical with olivine, composed of 
silicate of magnesia ^d iron, and crystallizing in the prismatic or 
orthorhombic system, 

Chrysotile : (x^uffAc, gold; riXoS, hair). A fibrous variety of serpentine 
with a silky lustre, and frequently a yellow or green colour. 

Ciriio]*ODA : (cilimii, an eyelash ; novs, a foot). A name proposed by Dr. Sto- 
liczka for Bryozoa. 

Class. In zoology, one of the great subdivisions of the animal kingdom, 
below the rank of subkingdoms. Ilhizopods, sponges, corals, cchi- 
noderms, Crustacea, insects, brachiopods, cephalopods, Ashes and 
. mammals are classes. 

Clasitg : {kXckttqc, broken in pieces). Dctrital : a general term apydied to 
rocks formed from broken fragments of other rocks. Tlie term is 
intended to include breccias, volcanic ash, and re-arranged detritus of 
all kinds, as well as ordinary sandstones, conglomerates, clays, &c. 

Play frons tone. A mixture of carbonate of iron and clay, found in beds 
and nodules, and especially common in the coal-measures. 

Clatstone. a term of somewhat loose application, generally used for 
eompaijt felspar, felsite, or very felspathic igneous rocks. The 
t(jrm is also applied to disintegrated felsite, and sometimes, but 
rarely, to a sedimentary rock composed of hardemed clay. 

Cleavage. A fissile structure, not due to the original bedding of a rock, 
nor, as a Tule, coincident with it. Cleavage is characleristic of 
true slates, and has been shewui to be due to pressure exercised at 
right angles to the cleavage planes. 

Coal. Vegetable tissue, converted into a substance proportionally poorer in 
water and volatile ingredients, and richer in carbon. Lignite has 
undergone less change than coal, but the two pass into each other. 

CaoLENTERATA : {koLXos, hollow; tvTEpa, vi.sccra). A group of animals distin- ■ 
guished from the lower forms (hifasoria and P/otozoa) by having 
a hollow digestive cavity. This group comprises the Antliozoa or 
Actinozoa and HydroZoa, and, according to some naturalists, the ^ 
Sponges. 

CoLOSSOCHELYS : (Ko\o(T(rof, gigantic statue ; tortoise). * A gigantic 

genus of tortoise^ hmnd in Siwalik rocks. 

Compact. Firm and close-grained : a term applied to rocks. 

CoNCHTFERA : (concha, a shell ;/ero, I bear).* A name formerly ‘used by some 
• naturalists for LamellihrancMata, 

Conformable. Beds liaving their stratification planes perfectly parallel, and 
in which the lower has not been eroded before the deposition of the 
upper. 
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Conglomerate : (con, together, and glomero^ I collect). Bocks composed of 
rounded pebbles cemented together, or imbedded in a sandj argil- 
laceous or calcareous matrix. 

CoNiFERiE : {conuSf a cone ; /ero, I bear). An order of gymnospermous exo- 
gens, including pine, and fir trees a^d their allies, and largely de- 
veloped in past epochs. 

Copper glance. Native sulphide of copper, crystallizing in the prismatic 
or orthorhombic system, and known also as chalcocite, redruthit^, 
and vitreous copper. 

Copper pyrites. Sulphide of copper and iron, containing, when pure, 
34*6 per cent, of copper, crystallizing in the pyramidal or tetra- 
gonal system. 

COPROLITE : (Koirpos, dung). Petrified excrement. 

Coral: (KopaXXtov). A general term for the calcareous structures secreted 
by Anthozoa and Ilydrozoa, 

Coral reef. A shoal or low island formed by the growth of corals, and by 
the accumulation and consolidation of their debris. In many troj)!- 
cal seas, archipelagoes of great extent are entirely formed of coral 
reefs. These have been shewn to .have been built upon sub- 
merged land, the reef-building coral animals, which can only 
live at certain moderate depths, having gradually built up the 
island as the base sank. 

Corundum: (Mrand, Hindi). Pure alumina, crystallizing in the hexa- 
gonal system. Sapphire and ruby are forms of corunduTfi, and 
emery is a granular variety, mixed wdth magnetite or hiematit(\ 

. Cosmogony : (koct/io?, world ; yoi^ri, origin). An hypotlyesis of the origin of 
the universe. 

Crag. The local name for the pliocene beds of Eastern England. 

Crater : (^Kparrip, a cup). The orifice of a volcano. 

Crinoidea : {Kpivov , a lily ; flSoj, form). An order of consist- 

ing of a cup-like body, giving off a variable number of arms 
(usually five), and either supported on a jointed peduncle or sessile. 

Crop : Crop out. To appear at the surface. See “ Oidcrop” , 

Crustacea : (crrista, a shell). A class of arthropodous Annul osa, or articu- 
lated animals, including crabs, lobsters, cyprides, cirripeds, Squilltp, 
wood-lice, king-crabs, copepods, trilobites, &c. 

Cryi’TOGAMIA*: (Kpvirros, concealed; yapcai, I marry). One of the primary 
divisions of plants, in which flowers and cgtyledonous seeds are 
wanting. 

Crystal: (Kpr^roXXos, ice). Ataineralor salt having regular polyhedral 
structure. All crystalline forms known are divided into six systems : 
the cubical or dsotnetric ; the pyramidal, dimetric, or tetragonal ; 
the prismatic, trimetric, or orthorhombic ; the hexagonal or rhom- 
. bohedral ; the monoclinic or oblique ; and the triclinic or anorihic. 
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Ctenoid : a comb ; cMos, form). An order of fishes in Agassiz’ ar- 

rangement, distinguished by their scales being pectinated on the 
posterior margin. 

Cubical. A system in crystallography in which all the three axes are equal 
and at right angles to each other. 

CvCADEACEiE. A great subdivision or natural order of gymnospermous 
exogens, comprising a few living genera, as Cyeas and Zamia, and 
numerous extinct forms. 

Cycloid: (kvkXo^, a ring ; £l?o9, form). An order of fishes in Agassiz’ ar 
rangement, distinguished by having round smooth scales,* with a 
simple margin. 

Cyclopteris : (KVKkog, a ring ; ehplg, a fern). A genus of fossil ferns, 
distinguished by having more or less rounded leaflets, without a 
midrib, but with dichotomous veins, radiating from the base to 
the margin. 

Cypris. a genus of biyalve entomostracons freshwater crustaceans, having 
two flattish valves, with elliptical outlines. 

Debims : (debris, fragments or wreck). An accumulation of loose material 
d(irived from the waste? of rocks. 

DEcniADATiON. The wasting and wearing away of rocks by atmospheruj or 
aqueous action 

Deinosaurta. See “ Blnosauria** 

Deinothertum. See “ 

Delta. The alluvial land near the mouth of a river. The name was 
originally given to the triangular tract near the mouth of tlic Nile, 
and wap, derived from the resemblance of this area in J'orm to the 
Greek letter A. ^ ‘ 

Denudation : (dmmlo, I lay bare). The removal of the superficial crust of 
the earth by the agency of the atraosjdiere and water. 

Deposit : (depimo, I lay down). Any substance originally suspended or 
dissolved in water and precipitated therefrom. 

Detritus : (detero, I rub off). Material removed by disintegration and other 
agencies from the surTace of rocks. 

Devonian. A subdivision of palaeozoic formations, resting upon the silurian, 
and overlain by carboniferous. The name is derived from the 

. county of - Devon in England. 

Diabase : (Sia/Satrig, a passage). A compound of plagioclase felspar (oli- 
goclase, labradorite, albite or anorthite), with pyroxene and some 
ch\orite. The rock in its fresh state is dark-green ; it is usually 
fine-grained or micro-crystalline, and is distinguished from dolerite 
by the presence of chlorite. 

Diallage : (haWayri, difference). A foliated form oi pyroxene, usually of a 
green or greenish grey colour. The name is also applied to forms 
of the allied minerals, bronzite and hypersthene. 
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Diaspore : (ZiaaituptD, I scatter). A hydrate of alumina, crystallizing in the 
prismatic system, and found in small scattered crystals associated 
'with corundum. 

Dicotyledonous: twice; kotvXti^mv, seed lobe). Exogenous: the great 

subdivision of phanerogamous or flowering plants, distinguished 
by having seeds with two or more lobes or cotyledons, leaves with 
divided veinS, and wood, if any, arranged in concentric layers. 

Dicynodon : (El's, twice ; Kvtoy, a dog; tooth). An extinct reptile with 

.two canine-like teeth, found hitherto in Souih Africa and India 
• oidy. 

Dike. See 

Diluvium : (Lat., a deluge). This terra is used, as opposed to alluvium, to 
. indicate deposits produced by extraordinary water action. It was 
thus applied to the drift gravels, boulder clays, and erratics attri- 
buted originally to a deluge ; and although the name is now but 
little used by English geologists, it is stjll commonly applied by 
French and German writer^ in the sense of post- tertiary or 
pleistocene. 

Dimetrtc : (h's, twice; pfVpor, a measure). A name formerly used by Dana 
for the pyramidal system in crystallogi*aphy, now Calh^d by him 
tetragonal. • 

Dinosaurta : (ctivogj terrible ; trat/pa, lizard). An extinct order of reptiles 
having marked aflinities with birds. ^Tie order included, amongst 
other genera, Lpumodon and Mcgalosauncfi. 

DrNOTnEUTUM : {htvog, terrible ; Gi/ptoi', a beast). A genus of proboscidian 
mammals, having (a very different dentition from JElephas and 
Mastodon. ^ 

Diorite : {hopdwf I distinguish). A rock, .usually fine-grained, of a dark- 
green colour, and consisting of felspar (not orthoclase) and 
hornblende. 

Dip. The angle at which a stratum slopes from the horizontal plane of 
the eartih’s surface. 

DipterA: {his, t'vvice ; irrepov, a wing). An order of insects, including flies 
and gnats, and distinguished by having only two wings. 

Doab : {do, two; dh, water: Persian). The area between two confluent 
rivers, and the confluence itself. 

Dolerite : (SoAo?, a trick or deceit). A rock of volcanic origin, composed of 
labradorito and pyroxene, and distinguished from trachyte and its 
allies by the much larger proportion of bases to silica.. 

Dolomite : (named after Doloraieii). Magnesian limestone : a carbonate of 
lime and magnesia in equal proportions when pure. 

Dune : (Pr.) A sandT-hill. 

Dyke. Volcanic or plutonic rock, filling a crack in a pre-existing forma- 
tion. 
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Echinodermata : ^ liedguliog ; Bcpjua, skin). A great class of in- 

vertebrate animals, including sea urchins, star-fishes, brittle-stars, 

. feather-stars, sea-slugs {Boluthuriden), &c. 

Edentata: (e, witliout ; c^cw.?, a tooth). An order of mammalia in which 
the teetli are absent or deficient. The sloths, pangolins, anteaters, 
and armadillos belong to this order. 

Efflorescence: (e^/oresco, I put forth flowers) . A saline crust forming 
on the surface of the ground or on rocks. 

Elvan. a Cornish term for a felsitic rock, occurring in dykes. For 
Ehanitc, see Porphyrif 

Blytrum: (tXvrpor, a cover). IVhe wing case of a beetle, being one of the 
anterior pair of wings which are modified into sheaths to cover the 
second pair. • ‘ 

Enaliosaurta : (lud\io$j marine; inxuptt, lizard). An extinct order of rep- 
tilia, fitted to live in the sea, and comprising Icldhyomuriis, Plesi’- 
osaurus, <Sfc. It is now considered to include two distinct orders, 
the IcMlriiosauria and Tlcsiosauria. 

Enckinites. a genus of fossil crinoids. The term is often used for fossil 
crinoids generally. 

Endogen : (£r?ov, within ; y/yropat, I am formed). Monocotyledonous flow- 
ering j^lants, such as grasses, palms, lilies, <fec., with simple veined 
leaves, seeds with one cotyledon, and the wood, if any, not in con- 
centric layers.. 

Entomostraca : (erxfpi'w, T cutup; cWpa^roi', a shell). The lower Crustacea, 
so called from the segments of their bodies being unconsolidated. 

Eocene : (lyw^, dawn; Kaivog, recent). The lowest great subdivision of ter- 
tiary strata. 

Eolian : (JEohifi, god of the winds). A term occasionally applied to wind- 
carried formations, sucli as blown sand. 

Efidote : (emhifTig, increase). A mineral composed of silicate of alumina, 
iron and lime, crystallizing in the oblique system, and generally of 
a green colour. 

Epistildite : (em, upon; and crr/A^iy, lustre). A zeolite; a hydrated silicate 
of alumina and lime, with some soda, crystallizing in the oblique 
system. 

Epocn. A period in geological time. 

Erratic. A transported fragment of rock, at a distjincc from the original 
bed. The term has been especially applied to the blocks of stone 
scattered over the plains of Europe, and formerly supposed to have 
been transported by a deluge, or w^ave of translation, but now gen- 
erally considered to have been carried by ice ; hence the term “ erra- 
• . tic ” has become generally synonymous with an ice-homo boulder. 

Escarpment. An inland cliff, usually produced by the outcrop of a hard 
stratum. 
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Esthkima. a fjenuji of bivalve Crustacea. 

Euphylltte : (tD, beautiful ; a leaf). A mica-likc mineral belonging 

• to the margarophyllito section, and composed of hydrated silicates 
of alumina, lime, poLash, and soda. 

Exogrn : (t£a#, outside ; yiyvofiai, I am formed). The same as dicotyledon- 

ExiJViiE : (Lat., cast clothes). Hemains of animals, especially the shelly 
coverings of invertebrates. 

Facies : (Lat., the face). A term used to imply the geneial aspect or rela- 
tions of a fauna or flora. 

False heddino. (Jbliquc lamination ; the arrangement of sand and other 
materials of which a bed is composed in laminae not parallel with 
the plftnes of bedding. False bedding is especially common in 
beds of sandstonci deposited by running water, as by a river, or by 
tidal currents in the sea. 

Family. In zoology and botany, a group of allied genera. 

Falil'I’. a miner’s term for any break in the continuity of a coal scam or 
mineral vein, however ca-used. In geology, the name is gnly ap- 
plied wliere fracture of any rocks has taken place, accomjianied by 
the shifting, either vertical or horizontal, of the opposite faces of 
the crack. . * • 

Fauna (Fauni, rural deities). The whole collection of animals inhabiting 
a given area, or preserved in a 2>articular bed or formation. 

Felspar or FeTiDSJ’AU : (the latter eipeUing is correct, the word being de- 
rived from the (lerman feldspath), A v(jry imj)ortant groujD of 
minerals, one or the other species being a princijial constituent of 
almost all igneous rocks. Orthoclase, albite, oligoclase, and labra- 
dorite are felspars ; all consist of double silicates of alumina and 
one or more alkalies or alkaline earths, and crystallize in the obliqub 
or anorthic system. 

Felsite or Felstone. A rock of compact texture, usually pale coloured, 
but somcitimes black or brown, weathering white, comjiosfid chiefly 
of felspar with some quartz. Felsite is the matrix of most por- 
phyries. 

Fenestella : (Lat., a little window). A genus of Bryozoa found in the 
palmozoic rocks. 

Ferruginous : (ferrngo, iron rust). Impregnated with iron oxide. 

Fireclay. Clay capable of resisting great heat without fusing. 

Flag or Flagstone. Hard laminated or fissile stone, especially hard sand- 
stone in thin slabs. 

Flint. Silicious concretions, usually translucent and tolerably homogeneous, 
occurring in chalk or limestone. 

Flora : (the goddess of flowers). The whole collection of plants inhabiting 
a given area^ or preserved in a particular bed, formation, group, or 
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Foliatjon. The arrangement in alternating lamina^ of different minerals, 
• as commonly occurs in gneiss and other metamor])hic rocks. 

Fokaminifeiu : (foramen^ a small opening; fero^ I bear). A group of Rhizo- 
living in h(jllow perforjited shells, frequently chambercjd. 
Glohi(jerm(iy A Ivcolitcs, and NtimmulUes are examples. 

•Formation. An assemblage of rocks of similar evrigin, connected by mineral 
* characters, by organic remains, or by being of the same geolo- 
gical age. 

Fossil : {fossil dug out of the caHh). Originally, this term applied to 
all mineral substances ; now, it is restneted to organic remains, 
animal or vegetable, imbedded in rocks. 

Freestone. A stone, usually a sandstone, easily cut and dressed. 

Fijcoid : {fucMs, sea-weed). A sea-weed, or a similar plaiit. 

Gabero: (Ital.) A rock composed of labradorite and diallage or hyper- 
sthene (bronzite). It is frequently associated with serpemtine. 

Galena: (Lat.) Native sulphide of lead, ciystallizing in the cubical sys- 
tem. 

Ganoid : (^ydvo$j brightness; iidog, form). An order of fishes, distinguished 
for the most part by hard polished rhomboidal scales. Ganoids are 
far moj’e common in the upper paheozoic and lower mesozoic 
formations than at prc'sent. 

Garnet : (f/ mart like a grain). A mineral, crystallizing in the iso- 
• metric or cubical system, and compos(jd of silicate of alumina and 
lime or iron ; the aluviina often replaced by sesquioxide of iron, 
and the limcj by' magnesia, or some other oxid(j. 

Gasteroi’ODA : (ya<Tr/y(i, belly’^ ; xovc, foot). A class of molliisks, comprising 
ordinaiy univalves, whelks, cowrries, cones, periwinkles, limpets, 
Ac. , 

Gault. An argillaceous bed in the cretaceous formation between the upper 
and lower greensand. 

Genus. : (Lat., a race.*)- A group of allied species. 

Ghat : (Hindi). A landing-place, ford, or pass. This term “ ghats,” origin- 
ally applied to the passes throiigli the mountain ranges that run 
parallel, or nearly so, to the coasts of the peninsula, has now been 
transferred to the ranges themselves. 

Glacial euocu. A period of low temperature intervening between ter- 
tiary and recent times. • 

Glacier (French). A mass of ice moving slowly down the valleys and 
other depressions of snow-clad mountains, and formed by the 
accumulation and consolidation of snow. 

Glaubertte. Native anhydrous sulphate of lime and soda, cry'stallizing in 
the oblique system. 

Glossopteris : (yXwffffa, the tonguc ; Trrtpigy a fern). A genus of simple 
leaved ferns, with reticulate venation and a distinct midrib, com- 
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mon in the Indian coal-bearing rocks of the Damuda period, and 
in Australian coal-measures, but rare elsewhere. 

Gneiss: (a German miner’s term). A highly foliated rock, composed of 
quartz, felspar, and mica in crysbils. The mica is sometimes re- 
placed by hornblende, and garnets or other minerals are imbedded. 
Gneiss passes by insensible gradations into granite. 

Goniatite: iym ia, an angle)-. A genus of CVp/iu/opodtr allied to 

but distinguished by having the sutures . in angulate zigzag 
lines. 

Guanite. a plutonic rock, rich in. silica, and composed of felspar, quartz, 
and mica. The felspar is almost always orthfxdase ; a second 
felspar, usually oligochase, being frecpiontly present also. In some 
forms of granite the mica is absent (a{)lito or pegmatite). 

Graphite: (^pa^w, I write). A form of carbon^ occurring pure or mixed 
with more or less iron oxide in cr 3 ^stalline rocks. 

Graptolites: (vp<i0w, 1 write; XiOog, a stone). A group of fossils, charac- 
teristic of the Cambrian and Silurian periods, composed of straight 
or curved rods, with denticulation corresponding to cells on one 
or both sides, and supposed to have been Ilydrozoa , allied to the 
recent sertularian zoophytes. 

GrauwackI!!. a German miner’s term for the older argillo-arenaceous bedsj 
and often employed at one time as a name for the transition series. 
The term is now obsoleh^. 

Gravel. Loose pebbles, with or without san^d. 

GiiEEN-EARTH. A liydrous silicate of iron and potash, found chiefly in 
basalt and other eruptive rocks. 

Greensand. The name of two important subdivisions of the crchiceous 
system in England — the upper and lower greensands. 

Greenstone. A general name for. igneous rocks, composed princij)ally of 
felspar and hornblende. By- some writcjrs certain plutonic rocks 
containing augite are also called greenstones. 

Greywack^:. See “ Grawmeke ” 

Grit. A coarse sandstone, or, according to some writers, a sandstone in 
which the grains of quartz are angular. The term is applied 
somewhat loosely. 

G rouj\ An association of bods agreeing in mineral character, or varying 
• amongst themselves in mineral character, but containing the same 
fossils. The terms “ group and “ series ” are frequently used by 
geologists as equivalent terms. In the present work, “ series ” is 
always understood as implying a more extended range of forma- 
tions, and usually as comprising several “ groups.” 

Gtmnosperms : ( yvfivog , naked; ffTreppa, seed). Dicotyledonous flowering 
plants, with naked seeds composed of two or more cotyledons. 
Conifers and cycads are included. 
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GrpsuM: (yvypos, lime or clialk). Hydrated sulphate of lime, crystallizing 
in the oblique system. 

GYROaoNiTES : (yvfj6$, round; yovog, seed). The spiral seed vessels of 
Gharaccee, found in freshwater beds. 

Habitat. The country, district, or kind of locality in which an animal or 
plant is found living in a wild state. 

H-®matite : (ai/ja, blood). Native iron oxide in a massive form, cither 
crystalline or amorphous. The crystalline variety, known as 
specular iron, crystallizes in the hexagonal system. 

Hemthedral : half; tcpa, side). Crystalline forms made from other 

regular solids by the obliteration of half of the bounding ])lanes. 

Heulandtte : (named after Heuland, a mineralogist). A zeolitic mineral; 

a hydrous silicate of alumina and lime, crystallizing in the oblique 
or monoclinic system. 

Hexagonal: (ti, six; ywr/a, angle). A system in crystallography in Avhich 
four axes are present, three equal lateral axes meeting at angles of 
00°, and tlie vertical axis at right angles to the others. 

IIipPARiON (iTnrapiojy, diminutive of tTnroa, horse,) or Hii'roTiiEKTrM. A 
genus of mammals found in the later tertiaries, and closely allied 
to the horse, but distinguished by the lateral digits of the feet 
* being better devcjloped and furnished with hoofs. 

HirrnitlTHS : (iinrorfpi;, a horse-tail). A genus of cretaceous bivalves of 
very peculiar form, one valve being conical or shaped like a horn, 
the other rest^jgibling a lid. 

Hornblend e. A silicate of various bases, usually lime, magnesia, or iron, or 
combinations of these wdth each other, part of the silica being 
often replaced by alumina. The crystallization is oblique. Horn- 
blende is an important constituent of many igneous rocks, such as 
syenite, diorite, Ac. 

Horn STONE. A variety of flint or chert, resembling horn in appearance. 

HtdrozoA: (Upn, a water dragon; (way, an animal). A class of animals 
belonging to the subkingdom C(eJ enter ata, allied to the Anihozoa, 
and comprising the hydroid or sertularian polypes, most of^ the 
jelly-fishes (^Acnlei)ha>), and some other *forms. 

Hyperstiiene : (vTTfp, very ; aBLvos, tough). A silicate of iron and magnesia, 
usually containing also some lime and alumina, closely allied to 
bronzite. 

Htpogene : (vTTo, below; y/yro/iiai, I am made). A tejm proposed by Lyell 
for the metamorphosed sedimentary formations formerly knowm as 
primary. The term is intended to express the idea that the beds 
in question had been transfoimed from below. 

ICHTHYOSAURES : (Ix^vSj fish ; travpa, lizard) . An extinct genus of reptiles 
inhabiting the sea, having no exo-skeleton, the limbs converted 
into paddles, a large bead, short neck, and probably a tail like that 
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of Cetacea. Tlie genus gives its name to the order Ichthyosaur ia, 
which abounded in the mesozoic epocli, and especially in jui'assic 
times. 

loNEOL’s : {ignis, fire). A term applied to all geological phenomena supposed 
to *be due to the action of heat. Igneous rocks are such as are 
believed to have undergone fusion. Pai-ticular igneous nocks were 
f(jrmerly suj)poscd to be chamcteristic of different geological 
epochs, and some geologists still believe in the distinction, wdiich 
has, however, been entirely abandoned by all the best English 
writers. 

I LMKNiTE : (named after Ilmen). Titaniferoiis iron ore ; ha?matite, in which 
])art of the iron is replaced by tatsinium; 

Iei’KA: (Lat., below). Applied to strahi, iufni implies a lower position: 

thus Infra-Krdl (p. GOO) is the name of a grouj) inferior to the 
Krol ; Jnfra-Vindhyan implies beds underlying the Vindhyans. 

iNKU.soitiA: (m, and //mdo, 1 pour). A class of microscopic animals, named 
from tlieir occurrence in vegetable infusions. 

Innate : {in, and natns, born). A term applied to certain igneous -rocks,- 
which have undergone transformation, without intrusion or other 
change of position. Such rocks are believed to have been found 
by simple fusion in situ, 

Insecta : {inseco, I cut in pieces). A class of the arthropodous subdivision 
of Annnlosa, characterized in all pcufect forais by the possession of 
three pairs of legs attached to the thorax, and in most cases by two 
pairs of wings. 

Inseotivoka : {inscctum, an insect; roro, I devour). An order of mammalia, 
compi’ising moles, shrew’s, hedghogs, Tupaite, «&c. 

In situ : (Lat., in 2 )lace). A term applied to a rock or fossil wlicn still in 
the exact position in relation to the matrix or surrounding rocks 
in which it w^as fomied or deposited. 

Invekteueata : (hv, privative; veHebra, a joint). All animals except the 

Ironstone. Any ore of iron; but genm-ally the name J Is^tiidstiunh.'roi^ ' 
carbonates, especially the argillaceous carl .jL,Qiiate of iron so''«Jmhmon 
in the coal-measures, and generally kno'*’ as “ clay ironstone.” 

Isometric: («itoc, equal ; pernor, a measure), xr ‘Dana’s name for thS cubical 
system in crystallography. .ar ^ 

Isothermal: (i'laog, equal; dipfiri, heat). I^lJquaJ in temperature: a name 
ap])lied to lines and zones of eqi ^al temperature, for any given 
period, on the earth’s surface. r. 

Jade. A name applied to several hard cow- npact minerals, resembling each 
other in being tough, translucent, very homogeneous in texture. 

One fornj (nephrite) is n varietysed c another (jadeite) 

is a silicate of alumina and sod^. 
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Jaspek,. Impure opaque coloured quartz, often of a bright red colour, or 
stri})ed red and black or white. 

J j:i’ : {(jngates, from Gagas, a place in Lycia) . A variety of coal having a 
very low’ specific gravity, homogeneous texture, and resinous lustre. 

tlnlL : (Hindi);. A marsh or shallow lake. 

Joints. Parallel fissures or planes dividing rocks into more or less regular 
masses. 

J uiiAssic : (from the Jura mountains.) A system of rocks belonging to the 
mesozoie period, comprising the lias and oolite, and intervening 
between the trias below and the cretaceous above. Hy some geo- 
logists, tli(i lias is separated from the jurassic system, and the 
latter then corresponds with the oolitic series of English geologists. 

Kankai;. Sec p. .*181. 

Kaolin: (Chinese). Fine porcelain clay, derived from the decomposition 
ol’ felsj.)ar. 

KniTi'Eu: (German). The U2q)cr subdivision of the triassic system. 

KnAOAii. See p. 408. 

Kiial : (IlhngMli). A tidal creek. 

Kik.si:k]Ti-: : (from Kii\ser, a proper name). Hydrous sulphate of magnesia, 
crystallizing in the prismatic system. 

IvNOUKiA: (from Knorr, a proper name). Acarboniferousgenusofl/yco- 
pucUacc(V, founded on steRis with projecting Icaf-sc^ars arranged 
in a spiral. 

Kunkup. See p. 881. 

KLiJi'KiisciriEEKU: copper; scMefer^ slate). A subdivision of the 

permian system in German}^. 

IjAJiiiAuOL’iTE : (from Labrador, the original locality). A kind of felsjmr 
com])Osed of siliea, alumina, lime, and sbda, erystallfeing in the 
anoi'thic or triclinic system, and forming a constiluent of many 
igneous rocks, such as basalt and diabase. Labradorite, wdien in 
large crystals, is often distinguished by a peculiar play of colours 
on the surface. 

JjAiiYiMNTUODON : (XajSvfHrOog, a hilTyrinth ; ocovc, a tooth). An extinct genus 
of A niphlna, narndd from the complicated foldings on ilio trans- 
verse sections of the teeth. From tin’s genius the order Lahy- 
rhdltodonta wars named : it comprised salamandriform animals w'ith 
a long tail, and existed in upjier palaiozoic and lower mesozoie 
times. 

LacM'STiune : (Jams, a lake). Of or belonging to a lake.^ 

IjAGUON : (laguna, Ital.) A shallow salt-water lake or inlet, nearly or 
eniii'ely cut off from the sea. 

Lamelliuuanciuata : (lamella, a thin plate ; /Spay gills). A class of 
Mollusca, comprising ordinary bivalve shells| such as oysters, 
mussels, cockles, &c. 

• . X 1 
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Lamination : (lamhiay a tliin plate). The division of rocks into thm paral- 
lel lay(>rs. 

Lapillt : {laynllns, a little stone). The finer forms of volcanic ash. 
LATPraiE. See p. 340. 

Laumontte or Lai montite : (from Lanmont, the name of the discoverer). 

A hydrous silicate of alumina and lime, crystallizing in the oblique 
system, and usually found in the cavities of basalt and similar 
rocks associated •vs ith zeolites. 

Lai: KENT! AN. Some of the oldest rocks in Cunada, of age anterior to the 
Cambrian, and named thus from the river St. Lawrence. From 
these rocks the fossil Vjor.oony sn])])osed to bo the oldest form of 
lile known, u as first obtained. ^J’he naturcj oF this fossil is, how- 
ever, disputed, and by some naturrdists itsoiganic oi’igin is doubted. 

Lava : (Ital.) ^J3ie molteTi rock that Hows from a volcano in (UMiption. 

Lavas have the same com ])osition as intrusive volcanic rocks, and 
are divided into two great sections: (1) Uoleritic or basic, con- 
sisting largely of pyroxene, and not containing more than 45 to 
55 ]jer cent, of silica; and (2) tracliytic or acidic rocks, •with 60 to 
80 per cent, of silica, and composed maiidy of fels])ar. 

Lei’TDOlite: (Xemc, scale). A kind of mica containing Jitliia. 

JjEL'CMTE : (AfWKoc, wliii(‘). A silicate of alumina and potash, crystallizing 
ill the cubit^al or isometric system, and found in volcanic rocks. 

LKiicoryiiiTE : (Xivkuc, Avhiie; Trvfnri)Cy pyrites). Arsenide of iron, crystal- 
lizing in tlie prismat ic system. 

Ljas. The j’oeks at the base of the jiirassic or oolitic system, classed by 
some with that system, by others as a distinct formation, inter- 
mediate b('tween ilio oolitijs and the trias. 

Li UNITE : {Vhjuvwy wood). Fossil wood, carbonised and altered, but still 
containing a much larger proportion of volatile ingredients than 
true coal. 

Limestone. Induratc'd carbonate of lime. 

Littoeal : (liitiiSy the shore;). A term applipd to deposits formed in 
shallow water close to the coast. 

Loam. A soil composed of clay and fine sand. 

Loess. A term applied to a very fine unstrati tied or imperfectly stratified 
formation, composed of clay, very tine sand, and sonle carbonate of 
lime, occurring in tlie lihine valley. Similar beds of great thick- 
ness have be(‘n found in China and other jiarts of Central Asia, 
and shewn to have been probably formed of fine dust transj^orted 
by the Avind. 

LycoroDiAOi;:E. A class of acrogenous crjqitogamie jdants comprising the 
living elub-mosses end numerous fossil forms. 

Lydian stone. A^ black siliceous rock, either a kind of jasper, or an altered 
siliceous shale. 
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Magnetite : Magnetic ieon ore. An ore of Iron composed of equi- 
valent of sosquioxidc and one of protoxide, or of three equivalents 
of iron and four of oxygen. It crystallizes in the isometric or 
cubical system, and is usually found in octohedra. 

Mammalia : {mamwa, brejist). The highest class of Vtrtehratay comprising 
all animals that suckle their young. 

Mai:T}TJ 3. Properly this term is only applied to tlic finer and more crystal- 
line forms of limestone. Commonly, liowcvcr, all rocks capable of 
being j)oli.shed are thus called. ^ 

Maj^i.. Clny mixed with carbonate of lime, but not consolidated into hard 
rock. The term is sometimes erroneously applied to non -calcare- 
ous clays. 

Mastodon: {fiaaTOQ, breast; o^ovv, tooib). An extinct genus of Pwhofinddaf 
clostily allied to tbe elephant, but distingiiisbecl by tlie foimi of tlio 
teeth, which bear a number of rounded protuberances on tbo 
surface. 

Megalosagiuts : (p£yaXo-great ; fravpog, MziivA). A genus of Plnosaima^ of 
great size, with ciirvxHl sabre-slmped toclb. 

ATesozoiC: (fiinoQ, middle; fw//, life). All formations, from tbo trias to 
tlie (u’c'taceous inclusive, belonging to the iiiiddle or intermediate 
period between the paheozoic and tertiary or camozoic e])oclis. 

AlKTAMofiPiiTC KOOKS: (fUTa, after ; form), lloeks wbich Lave under- 

gone a ehatige of stviic.iure and beconio ciystalline. TL(‘ ierm 
is especially ap])]icd to sedimentary formations, wliicli, tlirongli the 
agency of heat or chemical action. Lave acquii’ed crystalline 
sti’ net lire. 

AIicA: {ralco, I sliine)- A grouj) of minerals, distino-uisbed by bm’ng easily 
S])lit into tliin elastic plates, composed of silicates of alumina 
and various earths and alkalies, and largely develojied in crystal- 
line rocks. 

AItca schist, a ractamorphic foliatxMl rock composed of mica and quaHz, 

AIicaceods ikon oke. a variety of hamiatito occurring in scah^s like mica. 

Miocene: (jifJujv, less; Km ro-s recent). The middle subdivision of tertiary 
formations, above the eocene, and below the pliocene. 

AIollgsCA: (am///>,^soft). One of the primary divisions or siibkingdoms 
of animals, comprising cuttle-fish and ordinary univalve and 
bivalviJ shells, ov Co^ilialojioda, GaMeropoda^rir-rojioda, and LumoUU 
hrancMata. 

AIolluscoida : {molhsm, and eitV*?, rcserablanciO* A primary division or 
subkiiigdora made for ccHain classes formerly united with 
Mollnsmy but considered distinct by many modern naturalists. 
These classes arc Ascldioida or Tunicata, Bryozoa or Pohjzoa, and 
Brachioijoda. 
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Monoclinal: (fxovos, single; K\ivta, I incline). A bend, curve, or angle in 
strcata, wliere one portion of the stratification plane is horizontal 
and the other inclined. 

Monoclinic : (fiovos, single; KX/rw, I incline). Dana’s name for the oblique 
system in crystfcillography. 

MoNOCOTyLEDONOUS : (fxovos, singlp; KOTvXrih^v, seed lobe). Endogenous: 

the great subdivision of phanerogamous or flowering j)lants, dis- 
tinguished by having seeds with one lobe or cotyledon, leaves with 
subparallel and gentjrally simple veins, and the wood not in con- 
centric layers. 

Monometimc : (/xoros, single ; fxeTpovy a measure). A name formerly used by 
Dana for the cubical system in crystallography. 

Monsoons : (a corruption of huiuslm, a season, Hindi). Seasons of the year 
distinguished by the prevalence of winds which* blow in opposite 
directions at different periods. , 

Moraine : (French, of Switzerland). The accumulation of angular frag- 
ments of rock at the termination and along the sides of glaciers. 
The rocks are brought down from the mountains traverscjd by Iho 
glacier, and deposited wlicre the ice melts. 

Moohum : (Dakhani Hindustani). Decomposed rock of any kind, • The 
term is commordy used for partially disintegrated basalt near the 
surface. 

Mcschelkalk : (Clerman, onmchel, a shell; halk, limestone). The middle 
gr'oup of the triassic formation. 

Muscovite ; (from muscovy-gkass, .an old n,ame). Common mica or potash 
mica ; one of the constituents of granite, gneiss, and mica schist, 
chiefly a silicate of alumina and potash, with some iron, magnesia, 
soda, &c., and crystallizing in the prismatic system. 

Nala : (Hindi). A rivulet or brook, ditch, canal, ravine or valley. The 
term is esjiecially applied to a watercourse or ravine. 

Natrolttb : (natron, soda). A zeolitic mineral, crystallizing in the pris- 
matic system, usually assuming acicular forms, and consisting 
of hydrous 'Silicate of alumiim and soda. 

Nautilus: (vaur/Xoj, a sailor) . A genus of tetrabranchiate cephalopodous 
MoUusca 'with, coiled chambered shells, allied t(> Amrnunilas, hut diS’^ 
tinguished by having simple sutures. Some species arc still living. 

Neocomien: (Neoconmn, Ncufchatel). The lower subdivision of the creta- 
ceous system. 

Neoukne : (vto$, new; y/yro/iat, I am formed). A term used by German 
geologists for all tertiary beds of later age than eocene. 

Neozoic: (ptog, new; iwt), life). All formations from the trias upwards, 
including both mesozoic and cmnozoic or tertiary. The term is 
used in contradistinction to pala30zoic. 
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Neptunian : (NcplvmtSy god of the sea). The stratified or aqneons deposits 
are thus termed in contradistinction to plutonic or igneous. 

New red sandstone. The sandstones, perraian and trias, above the coal 
measures in tire British Islands. 

Nodule. An aggi-ogation of a mineral, such as carbonate of lime or silica 
around a nucleus, or central point. 

NoEoaiciLATHiA : (named after Noggcrath, a botanist). A genus of plants 
of somewhat doubtful affinity, found in palajo'/oic rocks. The 
original types arc noAV referred to Gycadeacem, but it is iin certain 
how far the various forms referred to the genus are really con- 
generic. 

Nullah. See 

Nummulite: a coin). A genus of Foramhiffera, consisting of 

huiticular shells composed of chambers arranged in a spiral. 
Nuramulites are so abundant in eocene beds as to be characieris- 
g tic. 

OdIiTQUE. a system in crystallography in wdiich the three axes are unequal, 
and Avhilst two of the axial intersections are rectangular, one is 
oblique. 

Obsidian. A lava that has cooled mpidly and is consequently vitreous, like 
glass or slag. Tli(i term is especially applied to vitreous acidic or 
trachytic lavas, composed mainly of felspar. 

Ochre. Cla}^, strongly colon rcjcl by oxide of iron. 

Old red sandstone. The sandstones, now referred to the Devonian period, 
underlying the coal measures of the British Islands. 

Oligocene : (oXlyog, little; Kaivog, recent). A term employed by many 
German geologists for a subdivision of the tertiary epoch corre- 
sponding to the lower mioceno and uppermost eocene beds of 
English geologists. 

Oltgoolase: (vXlyog, little; K\aw, I cleave). A species of felspar, chiefly 
a silicate of alumina and soda with some lime and potash, crystal- 
lizing in the anorthic or trielinic sys.tcm, and commonly found in 
granite and other plutonic rocks. 

Olivine. A tribasic silicate of magnesia and iron, usually of a greenish 
colour and translucent, crystallizing in the prismatic system. The 
transi)arcnt forms are known as chrysolite. Olivine is common in 
basalt, and usually occurs in imbedded grains of a dark yellowish 
green colour. 

Oolite: (u)6y, egg; Xidog, stone). Limestone composed of smalj rounded 
concretionary particles. From the prevalence of such limestones 
in the middle secondary rocks, the term ‘ oolite ’ has been applied 
to the system of beds underlying the cretaceous. 

Opal. An amorphous form of silica^ Laving a resinous lustre. Precious 
opal has a peculiar play of colours. 
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OraRCULUM : (Lat., a little cover). A shelly or homy appendage to the foot 
in many gasteropodous Mollusca, serving to close the mouth of 
the shell. 

Oj’HTDIA : a snake). An order of reptiles comprising the snakes. 

Order. In animals and plants, a group of inferior rank to a class : thus 
in the class Mammalia the orders are Frimates^ Oarnivora, Chiroptcra^ 
Unrjulata, &c. 

Organic remains. Any recognisable parts or impressions of animals or 
veg(itables in a fossil state. 

Oriental. A name applied by Mr. Wallace to one of the great zoological 
regions into which the surface of the earth is divided. 1.die 
Oriental region, by many zoologists known as the Indian region, 
includes India, the lliirmese and Malay countries. Southern Cliina, 
Java, Sumatra, and Borneo, with the western half of the Malay 
archipelago. 

Orthoceras: {opOoc, straight; Ktpag^ a horn). A genus cJ..cephalopodous 
Mollufica with a chambered shell allied to that of NanilluSy but 
straight, not spiral. 

Ortiioclase : straight; k'Xaw, I cleave). Common felspar, essentially 

a sili(jate of alumina and potash, crystallizing in the oldique or 
monoclinic s^’stem, and forming an important ingredient of granite, 
gneiss, and many other rocks. 

Orthorhombic : (ofMg, straight ; pofijSog, a rhomb). Dana’s name for tho 
prism ati(j sy stem in c;rystallography. 

OssiFEKOl/S : (os, a bone ; few, I beai’). Bone-bearing: ajiplied to beds 
yielding bones of Vertchratn. 

Outcrop. The edge of a bed, where it appears on the surface of the 
ground. 

Outlier. A portion of a IkmI detached from the main area by denudation. 

Pachydermata : (ira^vg, thick ; ^tppa, skin). A mammalian order of Cuvier’s, 
comprising elephants, hyraces, and cerhiin ungulates. 

pALiEARCTTC : (TraXato^, ancient; apKTog, a bear, 'ursa major). The great zoo- 
logical region comprising Europe, Africa north of the Sahara, and 
all Northern and Central Asia. 

Palaeontology : (TrfxXaio^, ancient, wr, being, Xoyo?, discourse). The science 
of ancient forms of life. , 

Paljcozoic; (TraXaios, ancient; life). The lowest great division of 

stratitied rocks, comprising the permian, carbonifcTous, devonian, 
Silurian, (;ambi’ian, and laurcntian systems. 

Peat. A brown or black caibonaceous substance formed in marshes from 
vegetable tissue by a process of chiimical change. In Western 
Europe peat is mainly derived from the growth and decay of a 
kind of moss. 
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Pegmatite: (Tr^y/xa, anytWng fastened together). Usnally, a binary 

nite, composed of quartz and felspar without mica. By some 
German geologists, the name is applied to a granite containing 
orthoclase, quartz, and white mica. The term apUte is given by 
German pctrologists to the pegmatite of English writers. 

Pelagic, or Pelagian : {iriKayog, the open sea). Formed, living or deposit- 
ed in^the deep sea. The term is used in opposition to littoral or 
• estuarine. 

Pelecypoda : (irkXEKvg, an axe ; Trovg, foot). A term used by some natural- 
ists instead of LarnelUhrancJdatay q. v. 

Perched blocks. Fragments of rocks transported by glaciers and left 
isolated on slopcjs of hills. 

Period. A subdivision of geological time. 

Peiussodactyla : (TrtpLtTtTogj uneven ; caKTvXogy too). A subdivision of the 
TJnqnlafa distinguished by having an odd number of digits, and 
com])rising horses, rhiiiooeros(‘S, tapirs, Fahvolhcrln, &;c. 

Permian. The highest subdiNUsion of j):il.‘eozoic rocks, resting upon the 
carboniferous, and overlaid by ti*iassi(j beds. The name is derived 
from the district of I’crm, in Russia. 

Petroleum : (pefra, rock ; oleum, oil). Eaiih-oil ; liquid hydrocaibons 
found or)zing from rocks in places, or occupying cavities, and form- 
ed during the slow alteration of organic iriatter. 

Petrology : (Trtrpog, rock ; Xoyog, discourse). The science treating of 
rocks, their struciture £yid composition. 

Petrosilex. a synonym of folstone or felsitc, sometimes applied also to 
hornstone. 

Phanerogamia : (^arepo^, apparent ; ya/ifw, I marry). One of the primary 
di>dsions of plants, including all with flowers and cotyledonous 
seeds. All plants without flowers and with o])scure repro- 
ductive organization are, on the other hand, classed iis 
io(j amici. 

PuLOGOriTE : ((jyXoyujTTog, fire-like, in allusion to its colour). A kind of 
mica consisting essentially of silicate of alumina and magnesia, 
usually of a red colour, and often occurring associated with ■Ser- 
pentine or crystalline limestone. 

P.HONOLITE : {(^iCDvh, sound; XiHog, stone). A felspathic volcanic rock, known 
also as clinkstone ; a coinpa(;t mass, usually of a gfeenish grey 
colour, wif.h here and there cleavage surfaces of vitreous felspar. 
This rock is named from its ringing sharply when struck by a 
hammer. 

Pisces : (Lat.). Fisb : a class of the suhkingdom Veriebrata. 

Pisolite : XviMim, a pea). A concretionary limestone similar to oolite, but 
of coarser texture, the concretions being larger. 
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PiTCHSTONR. A vitreous, dark-coloiired rock of ifpieoiis onp^in allied to 
obsidian, but less glassy, of resinous lustre, and frequently contain- 
ing small crystals ajid grains of quartz, felspar, &c. 

Placoii): (ttAciS, a flat plate ; form). An. ord(jr of fishes with flat 

smooth integument. This order compris(*s the sharks and rays. 

Placiioclase : (TrXayioc, oblique; icXadi, T cleav(‘). A name proposed by 
Breitliaupt for the group of triclinic felspars, albite, oligoclase, 
labrador ite, and anortbitc. • 

Pleistocene^: (irAciffToj, most; icairoj, recent). Post- tertiary or post- 
pliocene. 

Plesiosaurus: (TrXr/ff/o^, near ; (rai/pa, lizard). An extinct genus of marine 
re])tiles sonusAvhat allied' to IMIiyomu,rns, having, in a similar 
manner, limbs convertod into padilles, and occurring in incsozoic 
strata. The neck is usually produced and the head small. 

Pliocene: (TrXttwr, more ; KaivoSy recent) , The uppermost great subdivi- 
sion of tertiary strata. 

PiAiTONiC: {Plufo, god of Hades). Igneous rocks formed beneath the surface 
of the earth and not emjded. 

PoiKTLTTic^ : (iroLKiXog, many coloured). A term proposed originally as an 
equivalent for the New Bed Sandstone, comprising both permian 
and triassic beds. Subst^quenily the name was us(‘d in a more 
restricted sense, but/ it has recc‘ntly been revived by Huxhy with 
its original meaning. At present, when employed, it is generally 
understood to include both permijin and trias. 

I’OLYCYSTiNA : (ttcAiic, many ; KvfTTig, a bladdci’). The minute siliceous 
sliolls of Uadiolaria. 

Polype : {iroXvg, many ; irovg, foot). The animal of a hydrozoan or antho- 
zoan (actinozoan) ; that is, of a hydroid zoophyte, sea-anemone, 
or coral. 

PoLYZOA: {iraXvg, many; animal). A symonym of Th'yo:^oa, q. v. 

PoKPiJYRt : purple). An igneous rock, composed of a com- 

pact finedy crystalline mass, in which large crystals of felspar are 
imbe^dded. Occasionally other minerals, besides felspar, occur in 
large crystals, and the term is applied by some geologists to rocks 
in which any mineral is developed in conspicuous crystalline 
masses. A 'porphyritlc. granite, syenite, greenstone, &c., is a rock in 
which the felspar is in large distinct crystals. The term ^ jiorphyrUe ’ 
has been introduced by German geologists for quartzless porphyries 
consisting of a felsitic biise with crystals of felspar, hornblende, or 
mica ; porphyry being considered essentiidly quartz porphyry or 


* .This should be writt.ou * plislocene* like pliocene. 
" Correclly ^ pcBcililLc," ^ 
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eh(inHo, a compact fclsitic mass, with crystals of f(;lspar and 
(piartz. 

T*t?kiinttk : (named afhn* ilio discoverer). A hydrous silicate of alumina 
and lime, crystal I iziiio- in the prismatic sj'stem, hut usually occur- 
ring in reriiform crystalline masses associated with zeolites. 

PRTMAKV : (jfrhrrifs!, first). A term applied 1)3^ the earlier g(»ok)gists to the 
azoic rocks, and especially' to the crystalline formations, granite, 
gruiiss, &c. The -name is still occasionally' used as synony^inous with 
palfeozoic, q. v. Prvm/llivc has been used in the same signification 
as ])vimar3^ • . • 

PiMMATES. The highest order of Mammalia, including men and monkey^s. 
By Linnanis a more extended meaning was given to tin? term. 

PiMSMATic. A system in crystallography in which tlie tlircjc axes are un- 
equal and all are at right angles to each other. 

Pi:oTOCiTNE : (Trpoiroj first ; yiyvofiat, T am formed). A gratiite containing 
talc or clilorite instead of mi(;a. 

Pkotozoa ; (TT^io/re^, first; i^wov, an animal). The lowest snhkingdom of 
animals, comprising GreriarinuJa, Uhkopadit, and lladiolaria. By 
most naturalists the sjionges arc also included. 

Pteu() 1*ODA : (TTTcpoV, wing; ttouc, foot). A class of Mollimur in wliich part 
of the foot i« develoyied into wing-like processes, with which the 
animal swims. The rierojtoda are pelagic animals, living near the 
surface of the ocean. 

Pulmonata, or Ptilmo-oastekot'oda : (777/ L/m, lung). A class of MoIIufica, 
distinguished from true Gastcrojanla by' inters tin al and reproductive 
cliaraclx?rs. It comprises snails, slugs, pond snails (Lt/mnew), 

. &c., hut not. the operculate land sludls, Cyclostoina, Hclicina, &c., 
which are ordinary GaMeropoda. 

PUMICK. A kind of volcanic froth, the mass of air bubbles from the surface 
of lava (consolidated, and forming a s])ongy rock, allied to obsidian 
in composition, but so light as to float upon w'ater. 

Pykttk. Iron pyrites; bisulphide of iron, crystallizing in the cubical 
system. 

Pyrites: (TrvpiTrjg from Trwp, fire). Several sulydiides of metals are thus 
termed; iron pyrites (pyrite), copper pyrikjs (chalcopyrite), <fcc. 
The terra used alone generally signifies py-rite. 

Pyroxene: (ttw/o, fire ; n stranger. The name w\as given by Ilaiiy 

under the impression that the mineral was not igneous, whereas it 
is, except felsyiar, the commonest volcanic mineral). Angito, cj. 

Pyramidal. A system in crystallography in which all three axes are at right 
angles to each other, and two of the three are equal to each other, 
but nof/ to the third. 

Qdadrdmana : (ji%atnor, four ; war/.'MS, hand). A suborder of Primates, com- 
prising monkeys. 
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Quaquavebsal : (q itaq uay wheveBoever ; verto, I turn). Dipping on every 
side : apj)lied to the strata which dip in all directions towards or^ 
from a, common centre. 

Quaktz. Pure silica, crystallizing in the hexagonal system. The word is 
a German mining term. 

Quartzite. A metamorphic rock composed entirely, or almost entirely, of 
silica. 

Quartz-reef. A vein of silica traversing other formations. 

Quaternary. A term used by some geologists for post-tei’tiary and recent 
formations. * 

E-ace. a subdi vision of a species comprising individuals related by descent. 

Eadiata : (radius, a spoke). Cuvier’s name for one of the primary sub- 
divisions of the animal kingdom. This subkingdom included 
the modern Protozoa and Coclcntcrala, the iEchmodermaia, and the 
Jiryozoa. 

Radiolaria : (radiohis, dim. of radius'). A class of Protozoa, the skelet-on of 
which, when any is present, usually consists of silica. Shells of 
Padiohiria ai'e commonly known as l^oh/cf/stma. 

Recent. In geology, the present epoch ; the period during which no im- 
portant. change has taken place in the plants and animals inhabiting 
the earth. 

Reh. See p. 413. 

RErTiLlA: (rr/w, T crawd). A class of Vertehrata, comprising, besides erg- 
f!odiles, lizards, snakes and tortoises, the extinct orders of IcMhyo^ 
sauria and Plesiosauria, (which are united by some naturalists 
into a single order Enaliosauria,) Dlcynodonlia, Pterosaur ia, and 
Pinosamua. 

Rhjetic. a group of beds formerly classed in England as lower lias, and in 
Southern Germany as upper trias, but now separated by many 
geologists as an intermediate formation, find named from the 
Rha^ti, the ancient inhabitants of the Tyrol. This gi’oup is also 
known as the Avicula conlorta zone, and in Southern Austria as 
K dsscncr-scdiichten. 

RnizoPOUA : (ptia, a root ; irovc, a foot). A class of Protozoa, comprising 
the Foraminifera. and many forms without shells, such as Amoeba, 
all of very simple organization, and having the power of thrusting 
out portions of their body as processes of. variable form called 
‘ pseudoj)odia.^ 

Rhombohedral : (pofifSoc, a rhomb; a side). A name often used in- 
stead of hexagonal for the system in crystallography with four axes. 

Rhyolite : (jivofxai, I protect). A rock allied to trachyte and felsite in com- 
position. A compact or vitreous matrix enclosing grains or 
crystals of felspar, mica or quartz. The proportion of silica is 
larger than in trachyte. 
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Rociies moutonnI^es. Rocks that have been rounded off and polished by 
ice action. 

Rock. In geological writings, this word is understood to mean any mineral 
substance occurring in large masses. Sand and clay in large 
quantities form rocks, as well as limestone or granite. 

Rock salt. Common salt occurring as a rock. 

Rooentja : (m/c), I gnaw). An order of mammals distinguished by having 
the anterior l.(}etli in each jaw modified into powerful cufting 
\veax)ons. Rodents comprise squirrels, rats, porcupines, hares, 
and a few other forms. 

Ruminaxtia: (rmnmo, I rnminatc). A subdivision of the mammalian order 
Uufjulaia^ comprising all animals which chow the cud, such as 
ox(5n, slje(q>, aiililopes, door, and carutjJs. 

Rutile : (^ratihis, red). A mineral composed of titanic acid, crystallizing 
in^ the pyramidal system, and occurring, usually, in imbedded 
crystals, and not unfrequcntly in acicular forms traversing quartz, 
in granite, gneiss and other rocks. 

Sacchaeou) : sugar; £too>, form). A granulai' structure resem- 

bling that of loaf-sugar. 

Saliferous or Sai-tfeuian : (.s'u?, salt; /cro, 1 bear). Salt-bearing : a term 
applied by some geologists as a distinctive name to the triassic 
system. 

Sandstone. A rock composed of sjind c‘ementod togeiher. 

Saurian : (cravpa, lizard). ^ Reptiles, and especially fossil rejHiles, akin to 
lizards. 

Scarp. A steej) face of rock bounding a bed. 

ScuiST: (a-yiZto, I cleave). A metamorphic rock, having a distinctly 
foliafxjd structure. 

Sc^HORL. The black opaque variety of tourmaline, common in inetamor- 
phic rocks. 

ScoLECiTE : a worm ; in jilliision to its behaviour before the blow- 

pipe). A z()olitic mineral, occurring in acicular crystals, belonging 
to tli(i oblique system, found chiefly in basaltic rocks, and con- 
sisting of liydrous silicate of alumina and lime. 

ScoRTiE : (Lai., slag). The vesicular portions of a lUva flow, or fhe equally 
vesicular fragments ejected From volcanoes during eruption. The 
term is sometimes used as sjmonymous with volcanic ash, which 
is, however, of more general application. 

Seam. A bed or stratum : a term often used for beds of coal. 

Secondarf. a term originally applied to the sedimentary fossiliferous rocks 
above the primary crystalline strata and bcjJow the later or tertiary 
beds, but subsequently restricted to the formations from the 
triassic to the cretaceous inclusive, and used as synonymous with 
mesozoic. 
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SE(vrj()N: (sen), I cut). A face of rocks exposed by nature or art, or 
represented in a drav/ing. 

Skutment. KartLy deposit from mechanical suspension in water. 

SnniMEXTARY ROCKS. Hocks formed of sediment. 

Stononian : (from Senoues, the Latin name of a people whose chief town 
was Agendicum, now Sens). A subdivision of the cretaceous 
system in France, corresponding to the upper chalk of English 
geologists. 

Skries. a collection of beds comprising several groups, connected by 
stratigraphical relations or by similarity of organic remains. 
S(^e “ Orotip.^' 

Sek’I'KKTINR. a mineral, usually of a greenish colour, consisting of 
hydrous silicate of magnesia; a rock composed of the mineral in a 
more or less pure st-al/e. 

Shale. A con soli dat(;d and well -laminated argillaceous rock. 

SnrNtJLE. Loose pebbles, especially those on ilie sea-shore. 

Stltca: (si/t'X, a flint). Silicic acid, a compound of the clement silicon 
and oxyg(‘n. Quartz is the same as silica. 

8fi/rcE0US. Composed partly or wholly of silica or quartz. 

Sii/r. Fine sediment from water, especially from rivers. 

Sii.uuiAN: (Hilnres, the ancient inhabitants oF a part of Western l<]n gland 
and Wales). A s^^stenn or series of lower palmozoic rocks, above 
the Cambrian and below the Devonian. 

Strenta: ((T£ipi/r, a sii’en or mermaid). An order of maidne mammals, 
including the dugong, manatee, and JliniUna. 

Slate. Aiissile non-crystalline argillaceous rock, the planes of separation 
in which are not due to bedding, but to cleavage. This is the 
true geologicral definition ; but the term is often applied to hardened 
shales, which are bedded, not cleaved, and to schists, which are 
crystalline. 

Sltckensides. a mining term applied to the smoothed and striated sur- 
faces of a fissure along whicji movement or faulting has taken place. 

SoAVSTONE. See Steatite.'' 

Si’AR. A common term for mineral crystals. 

SfECTES. All planis or animals which resemble each other so closely in all 
(diaracters, that it is convenient to call them by one name, form a 
species. They are supposed to be in general more closely con- 
nected by descent than diflerent species are; but this rule is not 
quite accurate or certain. The term was originally applied to all 
. individuals supposed to be descended from one pair, or one parent 
stock ; but the definition is no longer considered sufficient, as it is 
believed tliat different species are connected by descent, and that 
specific distinction is frequently a matter of convenience in 
classification. 
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Spinel. A mineral composed essentially of alumina and ma^esia, tLe mag- 
nesia being sometimes replaced by lime or iron protoxide. Spinel 
crystallizes in tlie cubical system, and generally occurs in oc- 
tobedra. 

Spongida, or SpongtozoA; ((TTToyyitt, a sponge). Sponges : a class of animals 
referred by most writers to Protozoa^ but lately by some naturalists 
to G(i‘.le7itcrata, and considered by otliera a distinct subkingdom. 

Si»OKE : (triropd, seed). Tlio reproductive germ of a cryptogainic plant. 

STALACTrTK : (tTTaXdfftrta, I drop). EartLy matter forming icicle-like projec- 
tion sf and separated from solution in water, througli tlie evaporation 
of tlie latter, whilst triekling down clitTs, or dropping from the 
roofs of caves. The material is commonly carbonate of lime, less 
frequently chalcedony or some other mineral. 

Stalagmite : (crTaAoy/ia, a dro]>). Projections from the floor of a cave, pro- 
duced, in the same manner as stalactites from the roof, by the 
evaporation of waiter dropping from above, and dtqx)siting carbonate 
of lime or any other mineral from solufion. 

STRATi'rE, or Soapstone : (ffrlap, fat). A foim of talc ; a massive soft mineral, 
having a waxy lustT'c and a greasy or sdM|)y foi.d. 

S'j rLBiTE : (ariX/3iy, lustre). A zeolitie mineral : a hydrous silicate of alumina 
and lime, crystallizing in the priggnatic system, and occumng 
commonly in basaltic rocks. 

Stratum : pi. Strata : (strattiSi spread). A bed or layer of a sedimentary 
rock. 

Strike. A line drawn along a bed at right angles fo the dip, iMu’ng the 
intersection between the ])biTie formed by iJie bed and the earth’s 
surface, if horizontal. Tlie line of outcrop of any stratum on level 
ground. 

Subcrystalline. Imperfectly crystallmc. The prefix .s'7/7?, under, indicates 
tljat the word to which it is added is to bo understood as employed 
in a minor or inferior dcgi*ec. 

Sun-HTMAiiAYAS. The low ranges, along the sontluTii base of IIk? Himalayas, 
composed of tertiary rocks. The term is also applied to the rocks 
forming the low ranges in question. 

SuBMETAMOUPHic. Partially or imperfectly metamorpbic. Tlie tx^rm is 
applied to the transition rocks of India, whicdi are sometimes 
highly eiystalline, but more frequently unaltjjj'od. 

Syenite : (from Syeue, in Egyj)t). A pin tonic rock, composed of ftdsjiar, 
quartz, and hornblende, and only dilTering from granite by tlio 
substitution of hornbkmdo for mica. This is the signification of 
the term as employed by English gcjologists ; but by German 
writers the name is used for a rock composed of orthoclase felspar 
and homblende, without quartz, and the quartziferous rock is called 
syeiiitic granite. 
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SriiViviiJ : (from Sllvius, a proper name). Nativx‘ chloride of potassium. 

S VAfi'ii v'.sis : (trvfjflivffig, a f^rowin^ tot^rther). The union of two bones. 

♦Syncj.lnal : (ffvy, iogelher; kA/i'oi, T incline). The curvature of strata in a 
trough or valley like form, the convexily or salient angle being 
downward. 

Syn<jli\af> axis, a line drawn along the lowest portion of a synclinal 
(Mirve. 

System. A term a])plied h\ geology to the vdiole series of beds representing 
a sul)divisif>n of gi;ologi(*,al tim(?, as tlie creiaccjous system or 
terliaiy system. ^ 

Talc : (derivjition uric(‘rlairj ; said to b(5 from an Ai-ubic word). A hydrous 
silicaU^ (»f ni.‘ign(‘sia, rarely erysiallizing in the ]»risinatie system, 
more eoiumoiily oecurring in folial(Ml massc's or granular, V(.Ty soft, 
and willi a. piuirly lustre. ^The massive form is'known as steatite 
f»r soapsloiu*. 

'^rAi.rs. 'I’lie loose detritus accumulated by falling from the face of a cliff, 
lU’ceinict^ or sloiio, and not reaiTanged by water. 

Tekai. Seep, lok 

Tektiakv. ^J’Jie tliird or u])j )cr great division of g(‘()l(>g»*ica] time, including 
all hnuiiations a])()vc; the eretacc'ous and below the depo.sits of the 
glacial ej) 0 (di. 'Plie name is synonynunis with Cfi;nor:a!c, 

Tetka(;onal : (Terfmyiot'o:, four-angled). DamVs name for the pyramidal or 
,(liinetrie sysbmi in crystallogra])!]}’. 

TiiOMSOXTn-i : (named after Prof. Thomson). A zeolite, crystallizing in the 
}jrismatic system, and con.sisting of hydrous sili(‘ate of alumina, 
lime and soda-. It usually oeeui's in radiated masses. 

TiN-sroNM. Oxide of tin, c*rystallizing in the pyramidal system. 

Toitrmajjne : (tnrmiialt\ Cingalese). A mineral, eryslallizing in the liexa- 
gonal system, and eornnionly oceurring in six-sided prisms. It is 
of variable composition, containing silicic and l)oi’aeic acid, with 
aluiniiia and magnesia, iron, soda, ])otasli, or otlu'r bases, as w(j11 
as a small percentage of lliiorino. 1 1. is common in metaiiiorjdiic 
rocks, oecmTiiig most frequciitly in the form of schorl , 

Trachyte : (rpnxy^j rougli). A volcanic rock, usually of a pale colour, and 
mainly com])OS('d of felspar; a rougli mass, frequently with 
imbedded crystals of sanidine (glassy fels])ar, a variety of ortlio- 
chise). Some liornblendc or augiio and dark-coloured mica are 
also present^ n most trachytes. 

Transition: {transm, I go over). The rocks forming a passage from the 
crystalline gneiss and schists to the fossilii’erous sedimentary rocks. 

Trap: (tr(i]:tj.)a, a stair, Swedish; trejipe, Gerinan). A name originally 
applied t.o tabular greenstone and basaltic rocks, from their fre- 
quently occurring in hills with step-like terraces on the sides. 
The term subsequently was used in a somewliai vague manner for 
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all igneous rocks not distinctly gi’anitic. By some geologists tlie 
name is now disused ; by others it is restricted to stratified lavas, 
whether basaltic or tiwiehytic, and to intrusive dykes and masses of 
•basalt, gi'oonstone, tracliyte, or similar rocks. The torni is too 
generally used to be abandoned ; and for tlie ancient bedded lavas, 
wliicli cover so enormous an area in India, no term equally 
exyu'essive exists. 

Tkavektinl: : (TihurtiHKS, from Tilmr, near Rome). Calcareous tufa de- 
jjosited from the w'ator of springs holding lime in solution. 

TliEMOlilTE : (from Tremola, in Switzerland). A variety of hornblende, of 
a j>ale and oficn wliite colour, usually in fibrous radiattal aggregates, 
and CQniy)Osed of silicate of magnesia and lime. 

Trias. Tlie lowest suhdivision of mesozoi<^ strala, overlying tlie j)ermiaii 
or uyipermest jiala'ozoic series. The m^rne is derived from tlio 
tlirc’e groups of which the series consists in Germany and 
elsewhere. 

TiUCLiMC : (rptc, tlirieo ; kA/vw, T incline). A name of Dana’s for the 
anortlnc sysUun in crystallogi’aphy. 

Tuimetrtc : (r/jif, tlirieo; jif.rpo'v^ a measure). A name formerly employed 
by Da,na for tlio prismatic system in crystallograpliy, now called 
by him oriliorliombio. 

Trilobita : thrice; Xo/3o^, a lobe). A group of Crustacea only iouTid 

in paheozoic rocks, and having some resemblance in general form 
to a woodlouse. The cephalic shield is longitudinally divided 
into threcj by sutures. , 

Tufa: (Ttal.) Any porous vesicular rock. Tbo term is generally resb’icted 
to calcareous (hqiosits from springs. 

Tuff. A volcanic formation composed of loose material, scoria^ lapilli, &c., 
cemented togetlier. ’ The term is esjiecially ayiplied to subaqueous 
volcani c accii mula t ions. 

Tunicata : (iunira, a garment). A synonym of Asculioida : a class of Mol- 
luscoirhi without shells. 

UNCONFOR^MABJii'i : UNCONFORMITY. Strata arc uncon formablo to each other 
when the lower has sulTered from denudation before the deyiosition 
of the upper, or, in a minor degree;, when the iipjiei* overlaps the 
lower. As a general rule, the ])Jane.s of deposition in nneonform- 
able strata are not parallel to each other, but there are exceptions 
for instance, the lower bed may bave been ])artially denuded w^hilst 
still perfectly liorizontal, and a second horizontal bed may be 
deposited on ibe denudi;d surface of the first, without the latter 
having been disturbed, lii this case tlie bedding planes in both 
continue p.arallel, althongb the two arc quite uiiconformable. 

Ungulata: (;nnfjulay a hoof). An order comprising all herbivorous and 
hoofed mammals, except the Prohoscidea. It includes the Pachy- 
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ihrmata and Baminantla of Cuvier, with the exclusion of 'Elephas 
and Ryrax. 

Uniolinal: {imus, one; kXcj/oi, I incline). See Monad inaV The term 
"uuidmaV bein^ of improper construction, has been generally 
abandoned for the S 3 monym. 

Unstra'I’IJ'TED. Rocks which do not occur in layers or strata. 

Vakikty. a subdivision of an animal or vegetable species founded on 
minor characters. 

Vein. In geology, a fissure filled with some mineral substance differing 
from that of the rock .around. 

V E liM E s : (Lat. , worms) . A Linn tean name for several (dasses of hvreridraia, 
including insects, raollusks, Zooplu/ta, &c. It is now sometimes 
used as a synoiijm of Annelida ; sometimes of AnnnlouUu At 
p. 280, it is emj;)lo 3 '(‘(l in the former signification. 

VEiiTKi'.RATA : (rerfd)n(, a joint, from rcr/o, I turn). A primary division or 
.subkingdom of aninuils comprising all j)rovided with a s])ine or 
bfickbone C()m])oscd of joints culhcT 'vcrtdmv. !Maninuils, birds, 
reptiles, aTii])liibia.ns, and fishes constitute the subkingdom. 

Volcanic: {Vnlcnuns, god of fire;). Ignedlis action at the surface of the 
earth, in contradistinction to jdutonic action, wliich takes place 
bcTKiatb tlio surf a, (JO. 

V(»LCAMC Asu. 8ee“ri.s//.” 

Wacki':. a Cernian mining term for a somewhat decom]K)sed state of 
doleritic .and greenstone rocks. 

Whin : Whinsj’onm. A Scotek term for bas.'ilt or greensfone. 

WetMiASTONTTE : (naiiu'd after. J)r. Wollaston). Silicate of lime, crystallizing 
in the pbli(]ue system. 

Zamm’ICS. a genus of fossil cycadeficcous plants allied to the existing 
Zainia. 

Zkchstkjn : ((L’rinaii, mine-stone). A Germ.an term for the upper sub- 
division of the ])ermian series, corresponding to the magnesian 
limestone of England. 

Zeolite : (;tw, 1 boil). A groiij) of minerals, liydroiis silicates oi .alumina 
and various earths and alkalii's, all cliaracteyzed by iiitumescenco 
before the blowpipe. Several of the species are common in 
ainvgdaloidal volcanic rocks, filling iho cavities. • 

Zircon : (from janinn, an old term for the gtun). Silicaie of zirconi.a, 
erysiallizing in the pyiumidal system. Zircons are found in some 
crystalline rocks. 

Zooi’IIyVa: an animal ; 0rroV, a plant). A term applied to the 

animals of TTi/dm-nn, soii-anemoiies and corals, or to all typical 
sessile Client crafts, and somctime.s to Unjo’^oa, 
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Hulucliistsin, crotncc'ous luid lowor ter- 
tiary rocks of 
„ ]\Iakrjiij ^Toii]) of 

Balnnial.U .... 

J^inibai .... 

I5ui)a}.,^»upili pvoiip 

„ bone cave near . 

,, (liamoiid mines . 

Ibinalab .... 

Eaiicoora, see Ibuilvilra. 
ibiudii .... 

liaiidar coid-field 
liaudu^nirb tort . 

Ibinjriiii^ca river . 

llaiiibal pass 


liauks of rivers raised by blown sand . 

40J. 

»* 

„ „ „ tlo'id (b'posits 

400 

Ibinkiir; 


IKI 

llannu 

47s, 

41)5 

„ plain . . . 5t'r», 511, 

515 

lianslui 

river . . 105, 107, 

101) 

I’liira . 


58 

i >ai a-llliaual .... 031, 

033 

JIarabar bills ..... 

3S 

li.iiai . 


58 

Jiaiail ran^e .... 0H3, 

008 

„ 

ovij.0n ol‘ .... 

ODD 

Marail-ratkai raiio-e . xi, f;S3, 

0.s5 

, 

relatiiOi.s to Himalayas . 

0S5 

1iar:lk riviT 

xi 

JIarukar grouj) .115, 

121 


river ITb 170, 17S, 

ISO 

llarakars, relations to Tab liirs 

1 25 


ibii'kne.ss .... 

125 

»» 

c’oal of’ .... 

125 


Ikajinalial bills . 

h;7 


Tanusnli basin 

171 


Sabajori field 

172 

,, 

•lainti or Karaun field . 

173 


Karbaibari fb lil . 

175 


Ivaiii^anj fit Id 

ISO 

,, 

•Ibaria eoal-lield . 

ISO 

»* 

Hokiiro field 

J8S 


Kamuarli field 

IDO 

,, 

South Kaianpnra field 

102 

«i 

Kaianpura tieUl . 

JD1. 


('hojie field .... 

io«; 


likuri field 

107 

,, 

l>aUon"aiii field , 

107 

,, 

near Lalialuir 

108 




rAfiK 

llaraknrs, South Hewah field 

202 

„ 

Tillebir jtebbles in 

203 


basalts inf,erstriitified xvitb . 

204 


Jliilmilli field 

205 


Hisrsini]mr fli'ld . 

200 

»* 

Lakbanpur field . 

200 

)) 

Korba field 

208 

j» 

Hai^avb'Hingir field . 

200 

r* 

Tsilebir field 

212 

y» 

Satpurii basin 

217 


Handar field 

220 

»> 

Wardlai field 

229 

»> 

Oodavari valley . . 235, 

239 


Kaniaram field . 

211 

a 

kSiiipfareni field . 

LMl 

„ 

At b^ar basin 

213 

Jiaralaehii . . ix, 020, 030, 031, 

030 

Ihiraiatse, see Uarahiiha. 


Ihirdhi 

. 

78 

Handy 



13 

Hariraiidi 

217 

Itarhafjnir ...... 

80 

Hat hi 


37 

Hari Hoah sand hills .... 

430 

Hai’i hill ...... 

33 

Hari 'l l 

wi river .... 501, 

508 

Hannandal ...... 

501. 

Haniiaiir . . . . 031, 

032 

Hanul hill 

40 

Htiroihi 

. 222, 30 J, 308, 

425 

Harrali liill 

418 

Harrell 

Island ..... 

735 

Harus 


001 

Harwai 

81,00,221,20-1, 200, 

385 

Harwar 

12, 

13 

Harwarnu 

554 

Hasalt, 

in eoid. Haul pi nj field 

IM) 


iiitrnsioiis, H}iiil;j:ai)i field 

1 85 

,, 

dykes, Senth Hewah 

20 1 

„ 

dyke, Atlipir basin 

211. 

„ 

colinnns .... 

303 

„ 

interstralified with cretaeeoifs 



beds of 8iud .... 

4-10 

Hasanli 

.y-JD, 

508 

Ihisauli'Nansliera fault. Sub- Himalayas 

507 

Hasiiis of upper transition roeks . 

56 


(lomiwaiia .... 

161 

,, 

seaimenlary, of Central Hima- 



layas . ... 

633 

Haspa 

river 

507 


. 453 

. 470 

. iy7 
. ' 11 
70 

. 381 

70 

. 008 

. 4J2 

. 220 
. 2(‘3 

. 510 

. 00.5 
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Basse in 


. 

. 717, 

„ liver 

. 



Bastar 

• 

• 

. 76, 


Dntli Oolite, or Bathouian of Cutch . 
Biiu-ilwcii f^yec . . . . . 

Baxa 

liaxu series 

Bay of Beugiil 

„ islands in, geology of . 

Bazargaon ...... 

Bcaclies, old sea . . . . . 

Bean a 49, 

„ bods 

liras, .s(‘e Bias. 

Braulbrt beds, S. Africa . . 123, 

Beawar ...... 

Bodiladanol coal-fndd .... 

Bi'<'rbliOo]M, see Birblnini. 

Brhar 

„ Bijawars 

„ gnriss 

„ Iowlt Vindbyaiis 
„ Soulbern, (ioiuhvana basins in 

J77, 

„ si one inudeinents in . 

Brbariiiaib bill . . . . . 

Bela ... 58, 251. 25i, . 

Belaspiir, Kiingra . . . 552, 

„ si'ction, Sul)-Himalayas 
linleninitcs (/ranlitnuis . . 258, 

„ Icafrolcihsis . 259, 

lifihuniioplt'ris . . . , . 

Brle^aum .... 300, 30vS, 

Bellary 

in Iriassic rocks 
Ib iiaies, bei.;lit above sea . 

Bengal, ..... 391, 
„ giieissie area .... 
„ souib-Aves'.ern, transition roeli.s 
„ u])]»er, plains of 

„ .sonlb-easlern, stone inijdi’inents 
Bmodakatla . . . . . 

B. r.ir 227, 311, 

Ber>l in gneiss . . . . . 

Besrain stream . . . . . 

Betnl 22(», 

Belwa river, fossil bones found in 
Be/wada ...... 

Bbiibar 

Bliabar .slope at foot of Iliiinilayas 
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725 

355 

254. 

708 

018 

618 

408 

732 

225 

376 

51 

50 

133 

50 

239 


391 
36 
19 
78 

196 

412 

181 

315 

555 

555 

2(;o 

260 

118 

362 

355 

491 

392 
410 

18 

43 

410 

411 
180 
355 

19 

183 

224 

40.3 

238 

403 

412 


Bbabar slope, Sind 
Bhabcli pass . 596, 627, 628, 630, 639, 
„ series 
Bliadra<‘bellam , . 233, 238, 239, 

Bliadwa bill 
Bliagalpnr . 

Bliagaiiwiila 

Bbagirutbi, oscillations of 
Bliagotoro eoj^per iinpbaneut 
„ ■ liills . 

Bbagsii 

Bliagwabo, traj) d} ke at 
Biianio 
Bbandak 
B ham lari 
Bbangar 

„ of (langetie plain 
Bbiinrer beds 
„ limestone 
Bbartpnr , 
llluMig river 
lOiiaura bills . . . 20, 36, 

Bluma basin, transition rocks . (5f 

„ Ki'ries, sulidi visions and thick 
mss 

Bbimbar 

Bbinigarb near (Joa 
Bliimtal 
Bbil range . 

Bbit.'i .... 
lUiodaii 

Bbokara near \;igj)nr 
Bliooj, stv Blnij. 

Bhopal • . 

Bliorbi 

Bb(»sa\val, elevation of. 

Bliuj .... 

Blii'mti bills . . vi 

Bbur land . 

Bburtpore, see Barliatpur 
pur. 

Bhutan 

„ Duals 

„ frontier, absence of 
lay an rocks 

„ Sub-llimalayas of 
„ lower Himalayas of 


Bbiitrn 
Bias river 


, 479, 480, 
iind Bbart' 


Sub-IIiina 


form(;r course of 
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2.30 

176 

404 

410 

84 
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49 

595 

37 

73 

73 
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23 

513 

457 

81 

310 

226 

323 

221 

388 

252 

505 

404 


97 

27 

522 

545 

618 

386 

viii 

641 
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Bids river, Siib-IIimalnyas on, 518, 553 


valley, lower 


Himalayas of 


Bicliiiiko 

Bidar 

Bidonnp: hill .... 
Bijawar formation . . . i 

„ basin .... 
Bijawars of Dluir fon'st 

„ of initUlle Nsirhada area 

„ of Soii-Narbadii area 

„ of Son area . 

„ of ISc^bar 

„ of ibii’b and Jobat 

Bijifjfarb 

„ shales .... 
BijiiaVnf^arli .... 
Bijdi’i . . .115, 

Ibkanir ..... 

Ibkiainimr 

Jlilaspiir .... 125, 

Billieri 

Billa Surjjrasn .... 

liinij)lndi 

Hi 11(1 ni 1 ( 1111 , IJajmalial bills , 

Biol.it e in pieiss . . , . 

Bir 

Birldiuni . . . 103, 13<t, 

Birbliimi, l)eo;;arb and Karha 
(ioiahvaiia region 
JJls;i,nir . . . . . 

Jiisram^'aiij p:bat 
Bisrainpur coal-field . 

Black band, Iblniiranj field . 


Bole in Deccan traps . . 30i, 

Bompoka 

Bon . ^ . . . . . 

Bono-cave, Billa Sfirsain 

Bos ( Buhalus) paZcemr/Zcitf 386,402, 578, 

„ nanmdicus 

Boulder bed, Talcbir, xxxv, 109, 173, 
180, 186, 188, 190, 194, 205, 206, 211, 

229, 

Boulder bed in transition rocks • 

„ „ Soulb Africa . xxxvi, 

Boulders in post pliocene roeks of 
Punjab .... 
„ striated in olive group, Salt 
Bange . . xxxvi, 

in Pangi slates . xxxvi, 632, 

„ Kaiigra valley 

Bombay . . 299, 304, 319, 

„ evidence of depression at , 
„ intortrappeaii beds of 
„ „ fossils 

„ raised shell beds at . , 

„ alluvium .... 
„ littoral concrete 

Ib.rgbat 306, 

Bor bill . . . , • . 

, Bor I’atar 

Borobbnm ..... 

Bore- bole, Fort William, Calcutta, 378, 
„ Pinballa .... 

„ Sa])zal-ka-k()t 

„ Sukakberi, Nai’bada valley . 

Borendo pass 

Baring, Madras 

I Botanical regions, ancient . 


Black I’agoda near Poona 

*, formerly on 


Bothriceps atisinilis 

131 

sea-.sliore . , , 

. 

377 

Boundary, abnormal, of upper tertiaries. 


Black soil . , 


429 

Punjab 

483 

„ distribution of 

> 

431 

Bravinopoda Utatiir group . 273, 

275 

„ origin of 


432 

„ Trie.binopoly group, 278, 

280 

Bbiiiii group 

. . xxvi. 

599 

„ Arialiir group . 283, 

286 

„ river 

. 

599 

Brachiops laticfps . . . 123, 

131 

Blown sand 

. 401, 

435 

Bialimaui river, Rdjimibal bills 165, 


„ of Indian desert 

436 

166, 

170 

Bogapdni river 

41, 686, 690, 

694 

„ coal -field 

167 

Bogin river , 


83 

„ Gondwana region 

199 

Boilcauganj 


601 

„ river, Orissa 

210 

Bs'j mountain 

. 533, 534, 

599 

Brahmaputra river .... 

viii 

Bukdro (‘oal- field 

. 106, 

187 

,, delta .... 

403 

river 


187 

,, ebuugcs in course of 

107 
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Bramaputra valley 

405, 

882 

M section of tertiary rocks 

near 

696 

Brabminnbad . . . . 


418 

Sreynia carinaia . , 

4G6, 

470 

broach, . . . 2G7, 339, 

425. 

435 

„ liigber tertiarics of 


340 

Bronze im])lemcnts 


443 

Iroiizite, Huiules 


650 

„ ill serjicntino, Burma . 


714 

„ Kicobars 


735 

B-n/orofl, Arialur group 


286 

lubhdr gorge 

540, 

6G9 


Burma, Pegu group . 

„ Pliocene fossil wood group 
„ upper tertiaries 
„ tertiary disturbance in . 

„ Volcauic rocks 

„ post- tertiary deposits 

„ stone impleuieiits in 

Byangycc 

liyreuconda quart/Ates 


„ 8ivviiliks at . . . 551, 

555 

Caebar .... 

. CS3, 

G98 

„ and llilasjmr sect ions of Siib- 


Cairns .... 

. 

411 

Jliuialayas coin]iared 

555 

Caleuiia bore-bole 

, 

307 

Ihdbfivadu .... 141, 

216 

„ nei.'hbourbood of . 

, 

4n7 

Biga(4i liver, fo.ssil bones found in 

403 

Cald(?r's desei iprioii of Indian 


Ixxii 

Jm limns insular is .... 

576 

Calliun, sec Kidyau. 



Bilsar 

427 

Cambav, (lulf of . 330, 341, 312. 

425 

Buidair, sec Blianrcr. 


I Cainorta .... 


735 

Bindelkhand area, gueissic rocks, xviii. 

5 

Cainpbollpur 

, , 

503 

„ gneiss .... 

10 

Canals, elleets of, on reh lauds 

, 

414 

„ „ eonijmsil ion of 

10 

Candona lolahcmis . 

. 152, 

154 

»> „ accessory minerals in 

16 

Cane river, sec Ken. 



IS „ relations to confi- 


Canning town, peat at 

, 

4.00 

gtious forniatioLis xviii, 16, 31, 

55 

Capo Monzo . , 

4C1. 

470 

Bmdelkhiind, Bijawars of . . 29, 

55 

Carboniferous fossils, Salt Kan go 


401 


„ Viiidljyans . 81, 

,, latc.'i ite ol.j VI. Sbii, dcjO, 

„ stoii'^ implements in 

Butioo, sec Bunuu. 

Bu ter flora , . . .114, 

lJuiiil range ..... 
Biuiniuk near Tozpur, height Jibovc sea 
Bud wan coal-fn-ld .... 

„ height tihovc sea 

Biiiiidih 

Bi’Uia, area and physical geograjdiy . 
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„ geological data 

„ rock-groups .... 

„ gimiss of .... 

„ inetaniorphie rocks 
„ Mergui group 
„ Mauluiain group 

„ Axial (triassic) group 

„ Mai-i (cretaeeous) group 

„ Negrais rocks 

„ Serpentine .... 

„ Numuiulitic group 


„ „ Z.'inska'r area 

„ „ Niii, Jlundes 

„ „ Milam ]ia.s3 

„ „ Kashmir 

„ „ in .Maul main group 

Carboniferous rocks of Ansi rali.'^, 1 ] *), 
„ „ Punjab salt range 

xxiv, 

„ „ West of Tndjis . 

„ „ Northern I*nnjab 

XXV, 

it u Changehenrno . 

„ „ Karakoram. 

„ „ Kuenlun . 

„ „ Sarik<il 

„ df Kashmir 

» „ supposed, j)f Pir 

I’anjal 

Cardifa heaiimonti . , -119, 

Cardivm (lWidumrdlim)lnllanu.m 280, 
Caribari, see Karibari. 

Carter's summary of tbe geology of 
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„ „ terminal extensions of 
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„ (Tibetan) Himalayas 
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,, „ st.om* implements 
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Crrriis ViroKidli'ns 
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Cbaug^s of level, subreceut . 
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„ mild volcanoes 
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Chela .... 
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„ „ nummnlitics of 
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Cbiklik ])ass 




67 

5ii3 

Cbilka lake, estuarine shell-beds near . 

41 

692 
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65 
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Chor inonntaln .... 

598, 

(;o7 

„ I’israinpur field . 


2(t0 

,, gneiss of . 


OOS 

,, Lakhanj'nr field 


207 
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„ „ stone implements . 
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,112, 

114 

Gungeria copper implements 

. 

443 

Gang(?s, boundary of Vindbyans on 

87 

99 

Delta . . . . 


405 


„ depression in 378, 4(X), 
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Gjmgcs Dcltn, Mr. Forj^nssoii’s 

theory 


Oharialis ffanyHicus . , ' . 

580 

of ibnuatioii 

. 

406 

Ghutprahha river . . 66, 68, 

300 

„ „ discussion of clumgos in 

4X18 

Ghidaiir hills 

36 

„ „ peat of . 

. 

435 

Ghn^ils 

230 

„ oscillations of . 


406 

Giants 

cauldrons .... 

439 

„ plain of, sec Indo-Giingctic plain. 


Gidalur 

65 

„ river 

. 105. 

412 

Gieuinal sandstone .... 

635 

„ „ cflbct on Siwalik beds 

541 

»» 

„ of Hazara 

503 

,, valley, former condiiioii of, lx. 

303 

Gilj;it 


625 

Gunpfetic alluvium, possible extension 


„ landslip iu .... 

516 

of coal-nuiasures beiicalh 


185 

Gir 


342 

Ganir])ur coal-field 


208 

Girai 

. . . . 

11 

Ganjal river 


220 

Giri river . . . 604, 607, 

608 

G unjam .... 


211, 

Glacial a(!tion in olive f^roup, Punjab . 

406 

Gan^tn .... 


256 

i* 

epoch, evidence of, iu India, Ixx, 


Ganiirsfarb sbales 


84 


372, 586, 

668 

Garan:;i hill 


181. 

>.♦ 

„ eflect of, on Siwalik 


Garbjat. Slates 


43 


fauna .... 

586 

Gai'hwal, Lower Himalayas of 


600 

>» 

evidence in I'ihet 

660 

Garnets in p:neiss of Sin^rauli 


10 


oriyiii of I’alehir houlder hi'd. 


,, in Darjilinj' j^neiss 


614 


xxxvi, no, 112, 

220 

Garo area, cr<‘tsiceon!:? series 


600 

Glaciers, former extension of, in Hima- 


,, nummilitic; rocks 


605 

layas 

373 

Garo hills. 

. X, 

682 

Ghineonite, l)iM*can traps . 302, 305, 

306 

„ character of 


601 

OU ii'he.niu bimh'iihinidvnKis . 145, 151, 

243 

„ n])per terliaries . 


608 

GfobthS 

/ ammonites in crota(;eous beds, 


(iarudaman^alani 

. 270, 

276 


Ixx, 

273 

Gas issiiiii'jf from mud volcanoes 


730 

(ilossoplcns 111, 114, US, no, J2.1, 

130 

(jasl(‘iuimia of riatur ^'n)n]) 

. 27;b 

274 


hnnruinna 115, 120, 12 J, 

123 

„ Trichiiiop(»ly j'rouj) 

. 27S, 

270 

(HossitzaviiU's fitolicz/i'anus 

114 

„ Arialnr i^roup 

. 2s;b 

285 

(Liari-khorsum 

622 

Gatparba, sec Gliuiprahha. 



„ 

„ area, Central Himalayas, 

016 

Ganhali, hei;^lit above sea . 


392 

Gneiss, 

Assam ... 4, 26, 

684 

Gauli ]dati>au 


362 


Ilundelkhand .... 

10 

Gawel^arh, see (iawilj;urh. 




„ composition of 

10 

Gawilfjurh hills 


224 

it 

, accessory minerals In 

16 

Geelhoiitboom, S. Africa 


146 

„ 

main area, relations to newer 


Genera of Siwalik naimmalia 


577 


rocks , 

17 

„ extinct, Siwalik 


570 

it 

• „ siih-divisions of . 

18 

rec(‘nt, Siwalik 


570 


Bcnpil area .... 

18 

Gooj;raphy, J’hysical, of India 



» 

of Biindelkhand and main areas 


Geolo^’ical ap:e of Deccan traps 


32S 


eontrasteil . . . xviii, 

19 

Ge(dogy of India, summary of 


xviii 

it 

Sin^hla > 1)111 area 

21 

Gerar .... 


13 

it 

Orissa area .... 

23 

Gerwa hill 


105 

9> 

Central Provinces 

22 

Gluipir river 

. 85, 

90 

it 

South Mahratta area 

22 

Ghambar-Ilasauli fanli. Sub- Himalayas 



Southern Koukan . 

23 


518, 

560 

ft 

Nil^iris ..... 

25 

Ghambar river 

. 549, 

(JOO 

•t 

Trichi iiopoly and Arcot 

25 

Ghaiisura .... 

• 

37 

it 

J*euiii8ular, Assam valley 

522 
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Gneiss, of Himnlajss . lix, xxvi, 596, 626 


>« of Chor mountain 

, 

608 

„ apparently overlying *Dnmudus 


in Sikkim 

. 

615 

„ Himalayan of two ages . 


626 

„ Central of Hiiualnyaa . : 

sxvi. 

627 

„ „ terminal jL‘xtcnsion a of . 

•630 

„ newer, of CAntral Himalayas . 

633 

„ of Rupshu 


640 

* „ Central, Hundes 


650 

„ of Ladak 


652 

„ of Kueulun 


656 

„ of Pamir 


657 

„ Zanskar 


664 

„ of Pangi 


664 

,, of Pir Panjal . 


• 665 

„ of Burma . . . , 


707 

Gncissic axis of Himalaya . 


624 

„ range, Zanskar 


630 

„ „ Pir Panjal . 


631 

„ „ Hbauladhar 


632 

Gueissic regions, three 


3 

„ rocks, main area . 


4,17 

„■ „ Buudelkhaud urea 


5 

„ „ Arvuli area . 

5, 

27.44 

„ „ section of 


6 

„ „ class! ficution of 


9 

„ series of Peninsula . 

xviii, 1, 3 

„ „ lower Himalayas 


596 

Gneissoid beds in Bijawurs 

30, 

38 

Goa 


358 

Goalpara, height above sea . 


392 

Goats, wild, of Indian mountains 


374 

Godavari valley , 104, 124, 151, 

200, 

223 

„ „ lower, Vindhyans of 

74 

„ region of Gondwdnus . 

. 

223 

„ barrier, third 

. 

233 

„ district . / 


245 

,, alluvial flats of 

383, 

432 

„ older alluvial deposits of 

. 

388 

„ alluvium, mamnnilian fossils . 

389 

„ agate flake * 


389 

Godda 


166 

Gogi 

73, 

74 

Gogra river .... 


X 

Gokak 

67, 

. 390 

Golaghat . . . .27, 683, 

692 

Golapilli 


245 

Golapilli beds . ? . . 

140, 

147 

’ „ ,t> Goddvari district . 

• 

245 



9 

riou 

Gold, absent in Ikindelkband quartz-reefs 

16 

„ iu 

South Mahrntta gneiss . ' . 

23 

„ in Tfurma . . 

708 

Golden oolite of Chari group, Cutch 

255 

» 

„ Salt range, Punjab 

495 

Gond countries ..... 

97 

Gondwaua, derivation of name 

97 

»* 

area on upper Tapti . 

220 

»> 

areas on lower Narbada 

220 

„ 

areas, surface of. 

106 

Gondwaua has! ns, origin of, and relations 



to existing valleys. 



xxi.v, XXX, 103, 
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„ distribution 

161 

99 

„ groups of . 

162 

99 

„ origin of different 



groups 

163 

99 

basins of North-Eastern Ha- 


• 

zaribagh, including Kar- 



barbdri . ... 

174 

Gondwana beds, relatiotis to gneiss 

17 

99 

„ former existence of, on 



Chutia Nagpur plateau 

164 

99 

„ changes in, to west- 



ward, in Damuda val- 



ley . . . 193, 

109 

$9 

„ trap dykes in 

828 

Gondwaua coast line . . xxix, 

xxxii 


epoch, climate of 

xxxv 

»» 

fauna and flora, relations of. 

xxxii 

Gondwdna groups, lower . , 

109’ 

99 

„ upper 

135 • 


„ „ table of . 

141 

99 

inliers near Ellichpur . 

224 

99 

„ west and north-west 



of Nagpur 

225 

Gondwdna period, physical geography 



of . . H 

xxxii 

„ 

region, Rajmahdl 

165 

»» 

„ Birbhum, Deogarh 



and idirhurhdri 

171 

ft 

„ Damuda valley 

177 

tj 

„ Son, Mahdnadi and 



Brdhmaiii 

199 

If 

„ Satpuru . . 213, 

217- 

>f 

„ Godavari . . * . 

223 

»» 

„ East Coast 

242 

Gondwana system . . xxviii. 

,96 

99 

„ geological position 
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• Greenstone, Yangi pass 


657 

xxviii, 

97 

>, Sarikol 

. 

658 

„ „ fluviatile origin 'of. 


„ Kashmir . 

• • • 

663 

xxviii. 

98 

„ Burma 

• • • 

714 

,, „ geological relations 


Groups, Gondwana 


107 

of, xxviii, 99, 

100 

allied to Rdjmahdl 

, correlation 


,» y, fossils, xxviii, xxxii, 

100 

. of , •. 


1 

^ probable range of . 

102 

Gnjrat, sec Gnzerat 



„ „ supposed age of. 


Gnleheni quartzites 

. . 61, 


xxviii. 

102 

Guma . . . 


5 

„ „ disturbance of, xxix. 

104 

„ peak . 

. 

f 

„ • division into groups 

107 

Gumdni river 

. 165, 167, 

1 

»» » tabic of representa- 


Gumra ettrenm 

. 

1 

tive groups . 

108 

Gunebari 



Gondwdnns preserved by covering of 


Gundicotta liills . 



Bcccuii trap . . xxx. 

1G4 

Gurdt 


2> 

„ possible outliers in Narbada 


Gurla mountain . . 

. 

64 

valley .... 

216 

Gnntoor . , • , 

. 

24' 

„ upper, in Eastern Sirgnja . 

207 

Gdti .... 

. 

60,6 

„ „ Godavari valley . 

236 

Guzerut 

. 222,339, 

43. 

,, ■ of Sikkim • ^ • 

615 

„ tertiary beds of 

. 

83f) 

Oonialltes prrmas .... 

4.92 

„ alluvium of . 

. 

425 

Gonioglypitis longirosfris . 

132 

Gwadar , 

. 4r>8, 470, 

471 

Gooiia 

300 

Gwalior 

. 86, 

88‘ 

Gooty,8eo Glati. 


„ rocks 

. 8,51,55, 

5€: 

Gopdlprnsad . . ... 

212 

„ transition area 


66 

Gopat river ... 35, 80, 

203 

„ lateritc . 


856 

Gopikdndar 

167 

Gya .... 


36 

Gowan 

176 

„ (Laddk) 

. 

640 

Graphic granite 

21 

Gypseous slinlcs of Cutcli 


345 

Granite, Shillong scries, Khasi hills. 


Gypsum salt range 

• • • 

486 

40, 

42 

„ Kobat > • 


608' 

„ in Arvali scries 

50 




„ of Iliinalayas . . , 627, 

629 

H 



,, Hundes 

650 

Habb river . 

• » • 

458 

Granite, vejns, Ilundclkhand gneiss 

13 

„ valley 

. 461, 

464 

„ „ Bengal gneiss 

21 

Habiang 

• 

698 

„ „ Tridiinopoly and Arcot , 

25 

IIicinDtite in Bijawars 

. 30, 34, Si 

t, », near Jabalpur 

34 

„ in gneiss 

. . 13, 

16, 1$> 

„ Behm transition rocks. 


„ inGwaliors . 

. 

5^ 

37. 

38 

Haji Pir 


568 

Granitic axis of Himalayas , 

629 

Hakra river 

. • ■ 

4ie 

Gravels, high level, of Sub-Himalayas . 

668 

lldla Pass . ^ 

. . 

448 

„ older, Pegu , . , . 

726 

„ range. 

. vii, 446, 

448 

Gogo 

342 

Halaman hill 

. 254, 

256 

Great limestone of Jamu 

666 

Hanle • 

. 626, 

644 

Green-earth, Deccan traps . . 302, 

305 

Hard river . 

.. .215, 

217 

Greenougb's geological map of India . 

Ixxiv 

„ ■ . . • 

. 384, 

385 

Greenstone, Shillong series . 

41 

Hnrda railway station, deration . 

385 

„ Hundes .... 

650 

Hardwdr . . . ' 

. • . 

541 
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Haripur, Hazjira 

499 

Himalayan drainage lines . ; 

575 

near Simla . . * . 534, 

603 

f. 

elevation, crest of . 630, 

677 

Hasdo river 


208 

If 

rivers, rise of, beyond snowy 


Hass^an Abddl . . . • . 

601 


range .... 

677 

Hatteria 

• . ' , .• • • 

154 

Himalayas, physical geography of 

viii 

Iflatu • 

. * .598, 

604 

If 

oldest rocks of . 

xxvi 

Haurbdgh 

• ••••• 

566 

i» 

gneiss of . 

xxvi 

9awkcsbury beds, Australia 

121 

f» 

origin of . Ivi, 667, 677, 

680 

iazara 

478, 479, 498, 605, 613, 


ft 

structure of, Iviii 526, 667, 

679 


. 618, 

566 

f. 

connexion of, with Indo- 

• 

„ rock -groups of, xxv . . 483, 

498 


gangetic plain 

Ixii 

■(azarlbagli 

. 127, 142, 174. 177, \87, 


*f 

former extensions of glaciers 



192, 

196 


ill . . 

373 


gneiss and minerals . 

19 

f» 

provisional limit of region . 

518 

»» 

pegmatite veins 

21 

If 

geological map .* 

519 

M 

copper iniplcmeiits . 

443 

„ 

general features . 

519 

f9 

stone implements 

442 

ff 

three main divisions . 

519 

f> 

plateau , . iv, 18, 

177 

„ 

lower, definition of 

519 

If 

„ Gondwdnas of 106, 

. 196 

» 

Centful or Tibetan, defini- 


Heights above sen, Narbada valley 
„ ludo-Gangetic plain 

385 


tion of . . • 519, 

592 

391 

>» 

middle and terminal . 

529 

Heiulap 


718 

ff 

disturbance of lato date, 533, ' 

569 

llengir group . . * 

128 

ft 

easternmost outlier of num- 


Henjdng bill 

192 


mVilitic 'group in . 

534 

Hcnzada 

. . . 717, 

727 

• 

» 

elevation to eastward older 


Herbert’s Survey of Himalaya . 

609 


than to westward . 5G4, 

670 

lleulaiidite in Deccan traps . 

306 

>» 

defined in middle tertiary 


High-level latcrite, 351, 354, 357, 359, 

365 


times . . , . 

570 

Hill nummulitic limestone of Northern 


f> 

extreme slowness of disturb- 


Punjab 


511 


ing action 

570 

Himalaya 

. . . . viii, 372, 

373 

ff 

elevation preceded compres- 


Himalayan range, . . . viii. 

518 


sion .... 

. 571 

If 

and peninsular rocks con- 


ff 

origin of river systems 

676 

• 

trasted . . xii, xxvii. 

518 

ff 

connexion of Assam range 


» 

and peninsular gneiss con- 



with .... 

685 


trasted 

xix 

Hiinahiyaa, central, data available 

622 

If 

triassio fauna, resemblance 


ff 

„ classification of 



to Alpine . , 

xlvii 


rocks . 

623 

If 

geological subregion . 

Bev 

tf 

„ dillerciice from low- 


If 

and extra Himalayan beds. 



er Himalayas 

624 


contrast of, in Punjab . 

485 

ff 

„ uniformity of 


If 

geology, scanty materials 



structure . 

624 


for 

517 

ff 

„ gneisslc axes, syn- 


If 

region . . . 518, 

619 


clinals, &c. . ^ . 

* 624 

If 

land in eocene times . 

569 

ft 

^ „ position of tertiary 


If 

„ „ exten- 



^ formations . . 

626 


sion of • «. 

569 

ft 

„ gneiss of two ages . 

626 

„ 

lake basins .... 
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ff 

,, older gneiss . 

627 

If 

river gorges in Siwalik times 


ff 

„ granitic axis . • 

629 


the same as now 

570 

ft 

„ gncissic range 
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>» M 

chief sedimentniyr 


Hippopotamus namadieus .. 


886 


basins • 

G33 

,, palcBindictts . 

386, 

402 

»> ' »» 

Zdnskar area . 

635 

Hippurites, Lokzbiing range 


654 

»I » 

Hundes or Ng&ri- 


Hlppuritic limestone, Sind . 


44^ 

, 

Khorsuin area . 

646 

lliran river . . . 

, • 

312 

»» >» 

Karakoram area . 

652 

Hirapur . . ... 


n 

>» J» 

Kuenlun range 

655 

Hislopito .... 


305 

»» » 

Kashmir' Pdngi 


Hissar 


52 


area . 

658 

Hohuru river . . 


192 


Pir Panjal chain . 

665 

Hornblende in gneiss . 

10. 

19‘ 


post-tertiary and re- 


Hosbangabad 69, 86, 91, 136, 

138, 

323* 


cent fomations * 

667 

. 199, 215, 220, 

303, 


Summary 

679 

Hosliiarpur 


647 

Himalayas, lowcr^ limits of . . 519, 

592 

Hot-springs, Jamu 


564 


general features * . 

593 

Hothian Pass . . . . 


452 

f* f* 

boundaries of . 

593 

Hoti-Murdan . . . . 


500 

>» »», 

distribution and 

593 

Hottapati sandstone 

73, 

74 


structure of roclfs .* 

Hnndes . . . . 622, 627, 

630,’ 

646 

»> • >» 

terminal or Simla 


„ or Ngari-Khorsuin area . 


646 


area 

594 

„ foBsiliferous series of 


647 

If If 

clnssification of rocks 

595 

„ tertiary eruptive rocks of 


650 

»» »» 

corrolsition of groups 

695 

„ lake-basin ^ • • 


670 

»> » 

absence of fossils 

595 

Huudes-Zaiiskar synclinal . 


625 

» 91 

gneissio series , 

59(f 

Hura coal-field .... 

167, 

168 

If If 

the shite series 

598 

• 

Hyderabad (Deccan) gneiss . 


18 

If If 

relations of slate and 


Hyperodapaddn , . xxxiv, Ixx, 

100, 

135 ' 


gncissic series , . 

speeijd inetainorphism 

601 

llypersthene, U nudes . 


650 


^ and disturbance’ . 

605 

I 
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trappean rocks, GOG, 

610 

Igneous rocks in transition scries 


XX 

If • 19 

Chor mountain • 

607 

ikona 


11 

1* If 

Sou til -east of Simla 

608 

llmeuite in Buudelkliaiid gneiss . 


16 

. 19 If 

Kuiiiaun and Garli- 


„ in Siugrauli gneiss 


19* 


wal . • 

609 

Implements, stone 


440 

If If 

Nepal 

611 

„ prcliistoric, stone 


441 

♦♦ If 

Sikhim . 

612 

„ copper, silver 'and bronze 

443 

If If 

Damudas in . 

615 

^ ,, iron 

, 

443 . 

If If 

Bhutan border 

618 

* „ buman, Narbada alluvium, 

386, 

441 

ff 

Dikraiig section 

620 

„ „ Godavari alluvium. 

389, 

441 

♦f 1) 

Summary 

620 

„ „ Krisliim alluvium . 

. 

390 

Ilindia 

. 31, 221, 

386 

„ „ ill laterite of Madras, 


Hituloii 

. 51, 

59 

358, 369, 370, 

441 

Hindu Kijisli, 

. . . . ix 

657 

Incbapilly, see Yencbapnli. 
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84 
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. 

iv 

Hingir 
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tween, xxxv, xxxix, Hi, Ixviii, 

Ixix 
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„ and Malay countries, land 
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Hingoli, fossil bones found near . 
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nexioii between . 
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„ „ derivation of sand • . 438 
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„ „ denudation of 397 

„ „ bore-holes in 397 

. „ „ fossils ill . 402 
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origin of . . Iv 
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Indus river viii 

„ course of, through limestone 
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Sukker .... 417 

„ former changes in . 418 

„ floods 516 

„ in Tibet . . 625,640, 667 

Indus valley, subrecent marine condi- 
tions in ... 394 

„ „ lower .... 417 

„ „ sand hills . . . 439 

„ „ upper, tertiary rocks of . 626 

Indi^ delta . * • . * • 419 

„ depression in ■ . . • 379 

Infra-Blaiui group . . .xxvi, 599 

Infra- Krol group . . . xxvi, 600 

Infra-trappean, or Lamcta beds, . . 308 

,, of llajaiiiahendri . 316 
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Infra-trinssic rocks, Hazdra 

Inkolu 

Inlicrs, palmozoic, in sub-Himalayas . 
Innaparaz-Kotapilly .... 
Innaparazpolliam . . . 141, 

Intertrappeuu beds * . . . xlii, 

„ „ of Nagpur, the Nar- 

bada valley, &c. . 
„ „ lower, fossils of, 313, 

„ ' „ of Bdjamaheudri . 

„ ,, „ fossils 

of . 
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»> » ,« fossils of 

Irai 

Irawadi valley 
„ river 

„ delta 

Irawadi and Siwalik faunas compared . 
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Iron-clay 

Iron-ore, Dhaovvarn, Bundelkhand 

„ Salem 

„ , Bijawar • # • .30, 
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„ Kaniganj . . . . 
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„ Burma . , . 
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„ „ Kaniganj field . 
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„ „ Bamgarh field 

„ „ South Karanpura field 

„ „ Karanpura field 

Ironstone, clay, Assam coal-fields 
Isakhel . . ... 487, 491, 

Islamabad 

Islands in Bay of Bengal 
Itial .... 

Itkuri coal-field 


Jabalpur . 156, 199, 200, 214, 307, 
„ district, Bijawars of • . 
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317 
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351 
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26 
34 
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237 
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Jabalpur flora, rolations to Rajinahal 


Jnsiipur 

366 

. and Cutch floras . 147, 157, 

158 

Jasol . ' 

54 

Jabalpur group . 


156 

Jasper iu transition rocks, 28, 33, 35, 

45 

„ „ South Rcwah 


203 

„ in Gwalior beds 

'57 

„ „ near Jabalpur 


214 

„ iu Deccan. traps 

305 

„ „ Stapura basin 


219 

Jaunsar 

608 

„ Godavari valley 


238 

Jatinga river . 

699 

Jabalpur, Lameta fossils near 

. 

310 

Jerruck, sec Jhirak. 


„ railway station, elevation 

385 

Jcsalmir . .54, 263, 347, 437, 

439 

„ agate flakes found near 

. 

442 

„ limestones .... 

264 

„ bronze implement . 

. 

443 

Jcsalmir, iftiramulitic limestone of 

347 

Jacolmbad . . . .41 

7, 505, 

513 

Jet-coal, Jabalpur group, 156, 204, 215, 

238 

Jade in gneisf 


19 

Jewargi 

73 

„ * near Shahidula, Kuenlnn 


656 

Jhaban 47, 

48 

Jddukuta river . 

GO 

690 

.Thalra Patan . . . . 

91 

Jaggainpct 

. 

245 

Jbnnd . . t . . . 

515 

Jainti Nadi 

. * . 

174 

Jb^usi, gniena from .... 

16 

Jainti or Karaun field 

. 

173 

Jharia coal-field ..... 

185 

Jaintia Hills . . . z, 682, 692, 

696 

Jhelum river, viii, 478, 485, 654, 560, 

566 

„ upper tertiaries 


698 

„ „ tertiary boundaries near 


Jaintiapur .... 


•698 

5G6, 

667 

Jaipur near Vizngapatam . 


355 

„ valley 

509 

„ highlands, gneiss of 


18 

„ upper valley of . . . 

658 

Jaipur, Assam 


701 

Jbervia, see Jharia. 


„ coal-field 


701 

Jbilmilli 

203 

Jaldoka . . • . 


545 

„ coal-field . . . 109, 

204 

„ river 

. 613, 

. 619 

Jhils of Ganges delta .... 

406 

Jailor .... 


54 

Jhirak . . . 451, 457, 461, 

469 

Jalori ridge. 

. 598, 

602 

Jhiri shales 

84 

Jakbmari . * . 

.449, 

450 

Jilladypad . v . . , 

244 

J ako . . . • ■ 

. 598, 

605 

Johat, Bijdwars of ... . 

45 

Jambughora • . . 

. 47, 

48 

Jodhpur ... 63, 54, 93, 

437 

Jamkhandi 


66 

Johila river . . 

203 

Jamtnrra .... 


173 

Jorhat 

700 

Jamui river 


11 

Judlamuki, inflammable gas at . 

649 

Jamu .... 


560 

Jubbulpore, see Jabalpur. 


„ hills, Sirmur boundary in 


554 

Juggiapet . • . , . .60, 

72 

„ area of Sub-Himalayas 


560 

Julozai 

600 

* , inliers of palmozoic rocks 


562 

Jumera Pat .... 300, 

355 

„ characters of Subdthu group 

662 

Jummoo, see .Tamu. 


„ Sub-Himalayas compared with 


Jumna river, mammalian bones found in 

402 

' Simla sectiau 


564 

„ course of . 

412 

Jamulmadgu group 

. 70, 

71 

„ effect on Siwaliks 

541 

Jamuni .... 


12 

Jumna-Ganges area, Sub-Himalaynn 


Jamuni river 

. 

187 

beds . . . .* 

• 541 

Jangaon . . . 155, 234, 236, 

237 

Jura bill .... 254, 

256 

Jangti river 


618 

Jurassic coast lines, xxix, xxxii, xxxvii. 

xHx 

Jdnji river .... 

. 

701 

„ marine beds, East Coast, xxxvii, 


Jarra 

. 

254 

148, 149, 244, 

250 

Jftthk 

• 

4'^n 
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Jurassic rocks, extra-poniusular . 

„ „ of Cutch . xxxvii, 

„ „ „ sub-divisions . 

„ „ correlation with 

European 

• ^ 

Jurassics 

>? >» Upper, of Cutch . 

„ „ in Indian desert xxxvii 

„ in Northern Knttywar 
„ „ Salt Range, Punjab 

• „ „ west of Indus 

„ „ of Hdziira, &c. 

„ fossils, Zanskdr area 
„ rocks north of Nepal 
„ rocks and fossils, Niti . 

„ fossils, Milam pass 

Jutog 

Jyntia or Jjntea, see Jaiutia. 


Kabul river . • , , 

Each and Eachb, see Cutch. 

Kudapali 

Kadapah formation 

Kudwal 

Kdlirkot, triassic bed near . 
Eafirkot hills, 478, 486, 487, 491 

Eairda dun 

Eaijnag range . . . . 


£aimur range 

II scfirp • • 

„ sandstone 
„ beds 

Kainjua hills • • 

Kairgura . 

Kajrah 
Kakarhatti . 

Kakindya . 

Edldbdgh . 

„ salt marl neai 
„ coal hear . 
Kaladgbi . 

,, area, transitii 


beds, thickness and sub. 


Kalahandi . 
Kalapahdr . 
Kilapdni river 
Kalar 


78, 80, 86, 


490, 495, 


ion rocks 


691, 692, 


. 304, 
. 225, 
104, 116, 


Kalawdla pass * I 

Kaliani i 

Edlingar * 

Kdlipur 

Kdlka .... 536, 538, ! 

Kdlka dun I 

Kallar kahar . . . . • 

Kdltanghdt hill 

Kdlu river . . . 691,692, i 

Kdlyan ...... 

Kama ...... 

Kamaljor hill 

Kamamct . . . . . 

I „ see Khamamct. * 

Kamdram coal-field . . 

Kamdrsen bridge .... 
Kamatki ghdt .... 304, i 

Kdmthi 225, 

Kamthi group . . . 104,116, 

„ „ Bisrampur field 

„ „ Korba field . 

,, „ Raigarh-ITingir field 

„ „ Tdlchir field . 

„ „ near Ellichpur . 

„ „ west and north-west of 

Nagpur 

„ „ of Kdmthi area 

„ „ Bandar field . 

„ „ near Khair and Arjuna . 

„ „ Wardha or Chanda field . 

„ „ Godavari valley • 235, 

„ „ Kamdram field 

Kandah ghdt . . . . ■ . 

Kandakur 

Eandikonda taluk ..... 

Kundit 

l^ndit Kurayah coal-field . 

Kaiygiri hill . . . . 239, 

Kdiigra valley 

Kdngra area of Sub-Himalayas , 

„ „ difficulty of classing Sub- 

Himalnyas in 

„ „ want of fossils in Sub- 

Himalayas . . ' . 

„ „ north-western termination 

„ high level gravels of 
Kanban river . . . .* 128, 

Kdnher river 

Kdnheri caves .... 304, 
Kaukur ... ... 
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Kankar, analyses of . . . S82, note 

Kanoj 699 

Kaytkot sandstone 258 

Kappatgudd hills, gold in , . . 23 

Karachi . . 464^470,471, 473 

Kirakdsh river . . . 654, 656, 671 

Karakoram 623 

„ synclinal .... 626 

„ area . . ' . . . 652 

* „ basin, eastern section . 653 

* „ section .... 654 

„ stones .... 655 

Karakpur (Kbargpur) hills . 36, 38, 356 

Karafliplira 192 

„ coal-fields .... 191 

„ South, coal-field . .191 

Karauli 51, 52 

Karaun coal-field .... 173 

Karohat 458, 404 

Karharbari, Gondwana region . . 171' 

KarharbAri group, 112, 176, 180, 217, note 


Kashmir, trappean rocks of 
„ . Silurian rocks of . 

„ glacial evidence in 
^ . lake-basin .... 

Kushmir-Pangi area, Central Himalayas 
Knshmor, height above sea 
Karambar rings . . . . 370, # 

Kateru 816, 

Kathmandu . . .. -643, 611, 

„ . section, lower Himalayas . 

Katikela 

Katkona ...... 

Katrol group ' . . ^ . 141, 159, 

‘ ^ „ fossils of 

Katty war, jurassic beds in . 

„ traps of . . 300, 304, 

„ tertiary beds of . ^ . 

„ raised bed of oystera in 

„ alluvium of . . . 

„ coast deposits of 

„ littornl concrete 


„ „ relation toTalchirs 

113 

„ blown sand of . 

435 

„ „ pula3oatology 

. 

114 

Kaveri, alluvial flats . 

. 383, 

433 

„ coal-field . 


174 

Kaveri, see Cunvery. 



Karen-ni .... 

708, 

709 

Kuumapying • 


719 

Karewa deposits, Kashmir . 

. 

673 

Kaurangyi . 

• » • 

721 

Knrgil . . 626, 633, 639 

,641, 

643 

Kauray 


270 

Kariaua 


44 

Kautairoo, see K&teru 



„ flexible sandstone of 

• 

52 

Kawarsu 

» 

232 

Kuribdri 

• 

697 

KeantaJi 

. . 712, 

717 

Karjan 

. 

341 

Kclat 

447,448,456,. 

45d 

Karnatic 

. 

60 

„ section of rocks near 

455 

Kurnul ... 60, 62, 69, 

381 

Kelloway beds of Cutch 

. • • 

255 

„ area of Lower Vindbyaus 


69 

Kelod . , 

... 

225 

Karnul formation 

8, 

69 

Ken river . 

. 81, 83, 86, 

87 

„ „ subdivisions and thickness 

70 

„ Bij aware of 


30 

Karo river .... 


312 

Kcrauli . , 


88 

Karoo series of South Africa 

122, 

^123 

Kcryli ... 


203 

Kdrtse 

. 

*639 

Khddar 


404 

Kasara 


227 

Khadi 


648 

Kasta 


179 

Khair, Gondwana outliers near . 

227 

Kasauli ridge .... 

. 

532 

Khuiri Murat 

. 484,605. 

510 

„ beds . . * . 

524, 

530 

Kbamamct 

... 

241 

„ •„ plant fossils in 

. 

532 

Kbamapur . 

• • 

220 

Kashmir 

623, 

658 

Khandesh . . 327* 378, 383, 885, 

388 

„ oldest rocks of 


XXV 

Kharagdiha 

. 174, 

176 

„ synclinal 


626 

Kbarbu 

. 641, 

645 

„ triassic rocks of . 

. 

659 

Kbarian ridge 

• • ■ 

668 

^ „ rock groups of 

. 

659 

Khnrir . 251, 

264, 26^ 343, 

345 

„ carboniferous rocks of . 


660 

Khdsi hills . 

X, 40, 682, 

687 
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Kbdst hills, crefcnceoas beds, relations to 


Southern Indian rocks 

291 

., cretaceous series 

. 

687 

„ „ fossils from 

688 

„ nummulitic series 

. 

693 

„ uppet tertiaries 

. 

698 

Kh&Vgpur hills . 

• 

173 

Khettapani 

. 

220 

Khlwra salt mines 

, . . 

486 

Khirtho^range . vii, 446, 457, 460, 


. 464,466, 

469 

Khirthar group , 

. 1. 

456 

Kholas of Nepal . 


674 

Khozdar .... 


455 

Khulna .... 


400 

Khundair valley . . 60, 

70, 71, 

72 

„ group . ... 

. 70, 

71 

Jilhunmu . 

Khurreer, see Kharir 


661 

Khyrasol . . . * . 

* « • 

184 

Khyrpur .... 


417 

Kiflgaf lake • 


640 

Kilar 


664 

Kilian fidgo 


655 

Kim river .... 

. 340, 

341 

Kinidmli . * . 


341 

Kinimeridge beds of Cutch 

• « • 

258 

KinchinjuBga 


614 

Kinerswdmi stream 

. 235, 

239 

Kira hill . . . . 254, 255, 

256 

Eirlumpudi . . 


244 

Kirwi ... 11, 

81, 83, 

442 

Kishengauga river 

. 478, 

566 

Kisiljilga . * . 

. 

654 

Kistwar .... 

. 631, 

664 

Kitchen-middens, Andaman Islands . 

733 

Kium .• . . . 

. 

653 

Kiwaz .... 

• 

656 

Koari Bet .... 

. 

254 

Koda Dongri 

. 

226 

Koel river . . 

. 

36 

Kohat . . 478, 503, 604, 513,’ 

514 

„ district, eocene rocks of 

. 

507 

„ „ section of beds 

fl 

608 

Koil river . . 


197 

Koilkuntla limestones . 

. 70, 

72 

Koladyne»river . 


705 

Kolamald hills 


iv 

Kolumuullah slates 

.. 61, 

65 

'K'on'’’an . . • • 

. 

327 


Konkain, gneiss of Southern 
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357, 

368, 

377 

• „ denudation of ^ . 


• 

878 

Kon khds .... 

. . 

, 

80 

Konjiri hill. 


. 

213 

Koonap beds of South Africa 


. 

123 

Kopili river 


.. 

692 

Kopilas hill ... 


. 

855 

Korana hills 


62, 

481 

Korba ^ . . . 


, 

125 

„ coal-field . 


. 

207 

Korea . . « ‘ . 


. 

202 

Eorhddi . ... 


• 

226 

Kori cre.ek .... 


418, 

419 

Kosari fault, Sub-Himalayas 


. 

549 

Kosi river .... 


• 

X 

Kota (Siugrauli) . 


. 

203 

„ (Sironcha) 


151, 

236 

„ limestones . 


. 

152 

Kota-Maleri beds 

100, 

102, 

151 

„ „ Wardha field . 



232 

„ „ Ooddvari valley 


. 

236 

Kota-Maleri fossils 


. 

152 

„ * „ „ contradictory evi- 


dence of, 100 

165 

Kotgarh .... 

• 


602 

Kotkhai ...» 



604 

Kotlcli .... 



54M 

Kotli ..... 


563, 

568 

Kotri . . . 300, 451, 

452, 

457, 

469 

„ height above sea 



392 

Krishna river 


238, 

246 

„ alluvium of . 

383, 

389, 

433 


„ „ mammalian fossils iu 390 

„ „ stone implements in 390 

Krishna group , . . , 61, 65, 72 

Krol hill .... 533, 599, 600 

„ group .... xxvi, 601 

„ „ assigned to trias . . 595 

„ „ „ to carboniferous 596 

„ „ fossils doubtful . . 596 

Krol limestone near Simla . . . 603 

„ „ „ Musso&ree . . 609 

„ „ Kumnun . . . 609 

„ • representative of, in Nepal , 611 

Krur . 664 

Kuchri 264 

Kudia stream 181 

Kudunwdra, steatite quarried at . . 15 

Kuenluu ix, 6^3 
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Kuculun axis 

• 

626 

Lairnngau 

. 

694 

,, range, sections of 


656 

Laisopblang . . . . 

, 

688 

„ Inkebnsin^ . 


e?i 

Lake basin, Kneninn and Lingzitbang . 

671 

Knkurkliadi stream 


217 

„ Hnndes 


670 

Kulofm, see Quilon. 

. 


„ Tso moriri 


671 

Ruling scries 


638 

„ of Kashmir 


672 

Eulu 

. 630, 

631 

„ of Nepal . 


674 

Kutnaun, lower Himalayas of 


609 

Lake deposits 


427 

„ Sub-Himalayas of 


543 

Lakes, Ilimahiyan and Alpine 

com- 

# 

„ iron ores of 

• • . 

543 

pared . . . . . 

• * 

675 

Knmmummcet, see Khamamet. 



Lakes of Naini Tdl and Sikkim 


675 

Kund-Kaplus mountain 

. 665, 

632 

Lakhanpur coal-field . 


206 

Kungirpura 


11 

Lakbimpnr 


546 

Kunkur, see Kankar. 



Lakh pat . . . 260, 267, 

345, 

346 

Kunzum pass 


631 

Laki bills, 451, 452, 457 461, 

464, 


Kupputpode bills 


355 

467 . . . 

469 

Kuralihill .... 


327 

„ cretaceous beds of 


448 

Kurat .... 


83 

Lakiserai . ... 


3a 

Kurg stone implements . • 


442 

Lnlatpur 

11. 

12 

„ iron implements 


444 

Lalsot . . . . , , 


50 

Kuri 


639 

Lamayuru 


641 

Kurkut river 


208 

Lamellibranchiata TTtntfir group . 

278,* 

275 

Kurram river 

. 478, 

491 

M Trichinopoly group 


Kurreer, sec Klvarir. 




278f 

279 

Kurrukpoor, see Karakpur and Kb&rg- 


„ Arialur group 

283, 

285 

pur. 



Lameta Gliat . . , 

215, 

307 

Kurseong .... 

. 

614 

,, ,, Coal at . , 

. 

215 

Kusbalgarb, mammalian fossils from 


Luuicta group .... 

* , 

308 


514, 

576 

„ „ resemblance to 

Idgh 


Kusukunuhal 


74 


beds 

309 

Kutklicri 


225 

„ „ relations to older form- 


Kutto-jo-Kabar . 


456 

ations 


309 

Kutunji .... 


81 

M „ distribution 


310 

Kyauite in Bundelklmnd gneiss 


16 

„ „ fossils of . • , 


810 

„ in Darjiling gneiss . 


614 

Lund, eocene, distribution of 


lii 

„ in llundes gneiss . 


650 

„ shells, recent affinities of . 


Ixix 

Kymore, see Kaimur. 



Landour • . . . 


609 

Kyouk-phyu 

, , 

730 

Langpar 


688 




Lapri ridge .... 


562 
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Laterite ..... 

xlv. 
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„ composition . ! 


349 

Labyrintbodont from MangU 

. • 

129 

„ * analysis of . , , 

349, 

note 

Laccadive islands, tepression of 

. 

376 

„ tubes in . 

350, 

'3C7 

Ladak rango 

. 

ix 

i, Varieties, high level and 

low- 

„ gueissic axis, 625, 626, 627, • 

633 

level .... 


351 

„ eocene basin of 

. 624, 

643 

„ passage into litbomarge . 


353 

„ gneiss 


652 

re-consolidation of . 

. f 

354 

Ludera .... 

. 56, 

94 

„ infertility of . 


354 

Lahore, height above sea 

. 

392 

„ high level, distribution, Ac. 

354 

Lahul ... 

• 

658 

* „ llajmubal bills 

, 

356 
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tinuous bed .... 
„ low-level, distribution, &c. 

„ west coast • . . . 

„ east coast .... 

„ quartzite, implements in . 

„ high level, theories of origin 

359, 

„ „ geological age 

„ „ possible derivation 

from scorise, &c 
„ connexion of high level with 

lower tertiary latcrite of Gu 
zerat .... 

„ low-level, origin of 
„ „ age of . 

„ „ older than Karam 

bar rings . 

„ in Khirthar group, Sind 

„ in Sabathu group, Sub-Ilima 

layas «... 

„ Burma . . ? . 

Lead mines, Nuudialumpct . 

„ „ Burma . 

Lehti river 

Lenya river 

Lepidolite in gneiss 
Lffpidotus . • * • 

Lencopyrite in gneiss . 

Level, subreccut changeif of • 

hi&u glen 

Lias fossils, Ztinskdr area . 

Liassic athnitics, Bajmahal group 
Lidar valley, Kashmir . . 660 

Lignite sandstone of Nahan group 
Lhowa stream . . . . 71 1 


Lilang scries 
{iin^stone in gneiss 
„ in BijawarSj 
3^35, , 


. 637, 
. 19, 23. 

29, 31, 32, 33, 


Limestone in Rdniganj coal-field. 
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„ in cretaceous beds 

270, 

276 

„ of Bagh . 


293 

„ in Lameta group 


309 

„ in BUiini gr^up . * 


600 

„ in* Krol group *. 


601 

„ Great, of Jamu . 


666 

Limits of area, described . 


ii 

Lingala 


235 

Liugzithang 

*654, 

671 

„ lake basin 


671 

List of European formations 


Ixxv 

Lifhomarge . . 


351 

Littoral concrete . . , 


426 

„ Ariikan Coast . 


729 

Lodai . . . • 

254, 

260 

Lohdrdagga . . . . 

197, 

198 

Lokapur . 


68 

Lokartalai . 136, 137, 214, 215. 219, 

220 

Lokzhiing range .... 

654, 

671 

Londr lake 

. 

379 

„ origin of , 


380 

Lorot 


697 

Low level laterite . 352, 357, 

368, 

369 

Lower Himuluyns, definition of . 


519 

„ limits of . 


592 

„ « Simla region . 


xxvi 

„ SCO Himalayas. 

Ludiana, height a(>ove sea . 


392 

Lugu hill 

188. 

189 

Lumki hill 

. 

175 

Luui river . . . 54, 395, 437, 

438 

Lunkar-hi 

, 

653 

Lunsn 

, 

549 

Lushai hills . . . . 

, 

698 

Lynyau 

• 

452 


Mdchu river 

Macrocephali ammonites in 


ft 

in Arvali beds 

• 

60 

, 

jurasslcs . 

. 263 

ft 

in Gwalior J^eds 

. 67, 

59 

>f If 

in crctuccouB 


f* 

in Kadapah beds 

62, 63, 

64 


beds . 278, 

284 

»» 

in Kuladgi beds 

. 

67 

Macrotaaniopteria 

. 118, 

145 

»» 

in Karnul beds 

70, 71, 

72 

Madaghir hill . . 

• . 164, 

196 


in Bhima beds 

. . 73, 

71. 

Madunpur gorge, trap in 

• • • 

16 


in lower Viudhyana, 75, 76, 


Madapur . . 

• • • 

236 


78. 

80, 81. 82, 

83 

Madavaram . 


238 

ft 

in upper Vindhyans, 84^ 85, 

89 

* „ coal-field . 


* 239 
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Madras . . . 149,247,^36, 

423 


312, 313, 

824 

„ stone iuiplemeuts in Intcrite 


» *, „ 

lateritc of 


near . . 358, 369, 370, 

441 


354, 355, 

364 

„ raised shell b^d near . 377, 

424 

»» ft », 

lake de- 


„ })oring at • . 

. 

423 


posits . 

427 

Madnpur jungle . 

. 407, 

408 

Mabratto, South, gneiss area 

, 

22 

Magar Pir . . . 

4 

464 

„ „ transition area . 

65 

Magnesian sandstone group, Salt Ilange 

489 

Mahsud VVaziri country, mctamorphics 


Magnesite, Salem 

. 

26 

in 

• 

486 

Magnetite in gneiss r 


19 

Mabtin . . . . 

• • 

164 

„ Salem 


26 
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„ Darjiling gneiss 


614 

Shells, land, aflinitics of recent . 

Ixix 

„ Hundes gneiss 


650 
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Siknna, steatite near .... 
Sikkim, Gondwuua (Damuda) beds of xv, 

07, 

„ moraines in . . . 373, 
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405 Singhblnim gneissic area 

„ transition rocks 
600 Singhi pass , 

638 Singhpho country 

650 Singmuri .... 690,691 
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fossils 

„ .Tamu area . , , 

„ inlier of Ilimalnyau 

rocks in Jamu area . 
„ summary of observa- 

tions . 

Sub-Himaliiyan bigb-levol gravels 

„ zones north arid south 

of Assam eontrasted 
.Submarine cliir along Makrau eoast 
Submetaiuorpbic rocks . xix, 3, 
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PAOI 

626 

626 

526 

627 

528 

529 
541 
543 
543 
545 
685 
547 

551. 

555 


557 

6.57 

560 

5G3 

569 

668 

686 

Ixxii 

28 

9 

28 

55 

344 

Ixxi 

Ixv 

244 

491 

654 

12 

656 

559 

474 

442 

514 

506 



813 


INDEX. 



rAOB 

1 


PA os 

Sultanpur 

602 

Table of upper Gondwdun groups 

141 

Sumatra, carboniferous limcstouo in 

709 

Tddi river . 


612 

„ tertiary rocks of . 

784 

T(p.nwpteris 

• b . . . 

HR 

Sumesari river . . 691, 692, 696, 

697 

T, vittata . 

a . • • . 

169 

Summary of Geology .... 

xviii 

Tagling bods, upper .... 

686 
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„ of Cbainpanir . 


46 

„ Himalayas 

. 519, 

(»22 

,, of Mulini 


53 

„ fossilifcrous rocks . 


624 

„ upper 

XX, 

55 

„ sedimentary basins 


634 

„ of Gwalior 


56 

„ Hundcs area . 


646 

„ of Kadapah 


60 

Tilln, Mount 

. 404., 

506 

„ of Kabidgi 


65 

Tillancbang 


735 

Trap, llajmabjil and Deccan, not 

con- 


'J’illar river, South Konkan . 


24 

nected .... 


xli 

Tin in Hunmi 


70S 

„ Shillong scries, Kbasi bills 


41 

Tin stone in gneiss 


19 

„ south -wc‘5t Hengal, transition 


Tingrat .... 


664 

scries .... 

, 

44 

Tinncvclly, iron implcincnts 


444 

,, llajmabal .... 

139, 

170 

Tipani range 


701 

„ Rajinabal, minerals in 

, 

170 

„ group 

. 700, 

702 

„ overflowing, Sirguja 204, 

207, 

208 

Tipapani .... 


212 

„ on Main Pat 

. 

207 

Tipperab hills 


698 

„ on Kamgarb bill 

. 

208 

Tirbosb .... 


604 

„ series of Deccini, ^oo also Deccan 


Tirbowan .... 


91 

trap • . . . 

xl* 

299 

„ breccia 


82 

„ Deccan reasons for cmjdoying 


„ limestone . 

. 81, 

83 

name .... 

, 

301 

Tiruvaknri, sec Trivicury. 

Tista river 

. X, 

613 

„ area, scenery and vegetation 

„ Buba(|ucou8, and subaerial, dis- 

301 

„ section, Pnmndas 

. 

615 

tinctioiis between . 

, 

32^ 

Tifanosmmis indiciis 

. 

310 

.. Sind 

449, 

450 

Titbouian beds of Cutcb 

• 

259 

„ lower Himalayas 

Iv” 

606 
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Trnp, near Niiini Tal . 


610 

Triassic rocks, Sarikol .... 

658 

if Kiisbniir .... 


662 

„ „ Burma .... 

710 

„ Pir Paujal .... 


665 

Tributaries of Ganges deflected west- 


„ S^ylliut .... 


686 

ward . . . . • 

412 

„ miocene beds, Pegu . 


720 

Triebinopoly . . . .99, 

267 

Trup-d}’kes, Bundolkliund gneiss 


15 

„ gneiss of ... 

25 

„ Bengnl gneiss . 


21 

„ Gondwana beds near 

249 

„ Singhbliiun gneiss . 


22 

„ plant beds . 140, 150, 

249 

„ South Mahratta gneiss 


23 

„ area crotiiccous roeks 267, 


„ Waiiiad gneiss . 


24 

269, 277, 

281 

„ Nilgiri gneiss . 


25 

„ group .... 

275 

„ Triebinopoli gneiss . 


26 

„ „ granitic detritus in 

276 

„ Gondwilnas 


105 

„ „ relations to Utathrs 

277 

„ Ilflniganj coal-field . 


142 

„ ,, distribution of 

277 

„ llajuialiiil hills 


170 

„ „ Ibickuess of , 

277 

„ Damuda valley . 


171 

„ „ outliers of 

277 

„ Karliarbari field 


176 

„ „ Palaeontology 

278 

„ Ihtiilganj field 

181, 

184 

„ marble .... 

276 

.lhariii tudd 


187 

„ lateritc .... 

385 

„ llokj'iro fudd 


189 

„ regur .... 

433 

„ Kauigarh field 


190 

Trigamma 

662 

,, Kni'an])iira fields 


395 

Tn<lo)iki clavellala .... 

262 

„ South llewali , 


201 

T. coatata 262, 

2f>4 

„ llaigaidi Ilingir field 


210 

r. ftmeei xxxvii, 148, 244, 259, 

261 

„ Satinira basin . 


220 

T. InbereiiUfara 

261 

,, absence of, in Godavari 


T, van 

261 

vall(jy 


233 

T. veufruma xxxvi' 148, 244, 261, 

503 

„ Athgar basin . 


244 

Triloknatb 

664 

Trapj)ean detritus wanting in 

Sub- 


Tripeti bill near Madras 

60 

Ilinnilayas of Ivungra area 


557 

Tripetty sandstones . . . 110, 

148 

Trappoid rock in lower Viudhyaus 

, 

79 

„ beds, Godavari district , 

246 

Travuiicore .... 

18, 

337 

,, „ near Ougole 

247 

,, bills .... 


V 

Trisulganga idvcr .... 

613 

„ limestones, sand, clays and 


Trivicary ..... 272, 

3.36 

lignite 


3.37 

grits 

336 

„ limestones, fossils in , 


338 

Thombo 

717 

„ lateritc 


358 

TsoMorlri 

610 

Tremolitc in gneiss 


19 

„ lake basin .... 

671 

Ti'iussic fossils, Baluobistan 


455 

Tungabudra river . . . 60, 

62 

„ „ Zanskiir area 


637 

Tura 691, 

695 

„ „ Niti, Hundes 


648 

„ ridge .... (;S2, 601, 

695 

„ „ Milam pass . 


650 

Turbcla 

499 

Triassic Himalayan fimna similai 

to 


Tursa river . . . .545, 

619 

Alpine . 


xlvii 

Tzarap valley 

639 

„ plants, Kurharbari group 


114 

U 


Triassic roedis, extra peninsular area . 

xlvi 

Tfbra 

35 

„ „ of Punjab 

. 

493 

Ucliar 

94 

„ „ of Ila/iira . 


501 

1 ITdampur 

567 

( ■baiig<dienmo 


654 

1 ITdepnr (Ilujpuiana) . . . , 

48 

„ „ Kauikoram , « 


655 

* ,, (Chotiu Niigpur) . 199, 207, 

209 
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Udepur coal-ficld .... 

207 

Vertobrnta, later tertiary 

572 

„ Chota .... 221, 

312 

Ferns granosa, . , 342, 346, 462, 

465 

Uitcnhdge formation of South Africa, 


Vellaur river . . . 268, 282 

424 

123, 146, 

148 

Vcrdachclhim . . 268, 269, 281, 

282 

„ flora compared with Haj- 



area, cretaceous rocks 269, 

282 

mahul .... 

146 

Vigor 

. . .... 

259' 

Ukni liill 2G0, 

2G7 

Vi hi valley 

661 

Ulwur, see Alwar. 


Viudliyan range ..... 

iv 

Umurkot . . • 394, 417> 419, 

436 

Vindbyan-scries . iii, xxi, 2, 3, 6, 

769 

Uuiballa height above sea . 

392 

»> 

absence of fossils in xii. 

xxii 

„ borehole 

401 

»> 

origin of . . xxi. 

xxiii 

Uiublai river 

690 


red colour of . 

xxii 

XJinia 158, 

259 


classification of 

9 

13mia*group, xxxvii, 99, 100, 141, 148, 


it 

* nncouformablc to Gwaliors 

56 

158, 244, 

259 

Vindbyans, lower . . xxi, 7, 

69 

„ flora 

159 

ti 

„ Karuul area . 

69 

„ fossils of xxxviii, 259, 260, 

261 

it 

„ Palndd area 

72 

„ comparison of Cephalopoila 


it 

„ Ubiina basin . 

73 

with European forms 

260 

n 

„ Mabanadi and Goda- 


ITinurknntuli, see Amarkautak. 



vari areas . 

74 

Una dun 

536 

it 

„ Son area 

77 

Uiidutla 

71 


„ Bund(dkhand area . 

81 

XIpalpad 

71 

»» 

„ inliors, Wardha coal- 


XIppiT Daranda group .... 

156 


field . 

228 

XTpper Jurassics of Cutch 

259 

Vindbyans, upper . . . xxii, 

84 

Urain 

38 


„ boundaries of . 

85 

Uri 

666 

it 

,, tbickness of . 86, 

88 

XJsar tracts of North-West Provinces • 

413 

it 

„ petrology 

83 

Ussaii river 

601 

it 

„ relations to lower 


Utatiir . . . . 99, 249, 

270 


xxii. 

90 

„ plant beds .... 4.40, 

150 

it 

„ disturbance of iii. 

91 

„ Goudwaiia beds near . . . 

249 

it 

„ outliers of xxiii, 51, 

92 

Ututur-group 

270 

it 

„ Arvali region . 51, 

92 

„ coral liineatono at base of 

270 

Vindbyan boulders, transported, in 


„ dystribiitioii of . 

272 

Ttlchir boulder bed . . 205, 

226 

„ paljuontology of 

272 

Vingorla 

24 

„ list of most important 


ti 

rocks 

66 

fossils .... 

274 

Vinjorai 

, 

64 
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Vizaga])atain 

244 

Vaiinpulli slates . . . .61, 

62 

Volcanic action :ib Lonar 

380 

Vahidayur 269, 

272 

„ 

urea, Ihtjinabdl 

142 

„ group ... . . 

272 


asb, Deccan trajis . 

303 

Valleys, river, existing, relations to 


„ 

band in Malay Arcliipelago 


Goudwana basins . xxviii, 103, 

161 


725, 

732 

Vanicvaram 

46 

*, 

core, Rajmubal area 

170 

Varkalay 

337 

,, 

eruptions in Bay of Bengal . 

379 

Vents volcanic, of Kujinabal age, 170, 


a 

oil* Poiidieberry 

379 

171, 

185 

*»• 

foci, Doecan traps . 

326 

Vertvhrana ..... 

119 

99 

,, distribution of, in Deccan 


V. imik'a ...... 

115 


traji period 
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Volcanic intrusions, E^nig^anj field 
„ rock in iniocciic of Pegu 

,, rocks nsBOcinted with salt 

marl of Punjab . 

„ tuiib in transition rocks 

Volcano, extinct, of Pnppa . 

„ „ of Yunnan 

„ reported, in Great Nicobar . 
Volcanoes, mud, of Rdmri, &c. 

„ of Barren Island and Nar- 
condum . . . • 

VoUzia heferophylla , . . Ixx, 

Vriddacliellam, sec Verdacbcllam. 
Vulsella legiimen , , . 840, 


W 

^'agad > • 251, 256, 258, 260, 

Wagalkhor 

Wagur and Wagir, see Wagad. 

Wahiud river 

Wainad (Wynaad) gneiss . 

,) gold of 

Waiuganga river . 151, 215, 223, 
Wnjbiri hill, South Konkan 

Wakhiin 

Wnlar lake, Kashmir .... 
Wamayavaram, see Vamevaram. 

Wangtu 

Warangal 234, 

Wardha river . . . 223, 228, 

„ coal-fields .... 
„ valley, alluvium of . 

„ district, iron implements 
Wardha- Prmihita- Godavari basin of 

Gondwanns 

Wardwan valley .... 

Warora 226, 

„ coal near .... 
Wasterwan section, Kashmir 
Watershed between Indus and Gauges . 
„ of Himalayas 

Waziri country . . • 478, 495, 

„ Hupi 

Weir beds ...... 

West coast alluvium .... 

Western ghats, iv 304, 378, see also 
Sahyddri. 
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24 
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240 

389 

227 
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444 
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664 
230 
230 
661 
392 
677 
614 
630 

60 

424 


White shales, Hajmalial group 


170 

Wind, action of, in forming river hanks 

404 

Wollastonito in gneiss 


19 

Wood, fossil silicified, Burma 


721 

Wun .... 228, 229, 230, 
Wurrodn, see Wnroni. 

231 

Wyanamatta beds, Australia 
Wynaad, sec Waiudd. 


120 

y 

Ydngi pass section 

. 

fi5f» 

Yarkand, mountains south of 


667 

„ river . 


654 

Yeddakul Maid . 


24 

Yeddihnlli .... 


174 

Yedurba river 

Yelaur, sec Ellore. 


227 

Y^cllaconda ridge 

. 60, 

05 

Yc-nan-khyoung 


721 

Ycnchnpali 


237 

Yendloor .... 


247 

Yenktapur .... 
Yinkolu, see Inkolu. 


67 

Yoma .... 

. xi, 

704 

Yunnan, extinct volcano in 


725 

Yusafzai . . • 

. 478, 

498 

Z 

Zalung-Karpo pass 


64(» 

Zami river 

. 625, 

709 

Zanskdr . . • * 



628, 

630 

„ range . 


ix 

664 

„ gucissic range 

. 630, 

„ area, formations of 


635 

„ „ pala)ozoic series 


638 

„ „ mesozoic rocks 


641 

Zchanwdn section, Kashmir 


661 

Zeolites, Bajraahal traps 


170 

„ Deccan traps . 


305 

Zewan . . . • 


661 

Zircon in gneiss . 


19 

Zoological distribution, recent 


Ixiv 

„ regions of Wallace 


Ixiv 

„ „ ancient • 


101 

Zoji-la . . • • 

, 630, 

659 

1 Zumdni . . . • 

. 
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PX.ATE I. 

CARBONJFXIROUS FOSSILS {Marine). 

Figf. 1. SnniFEn keiehavii, Bueh. {S. rajaJi, Salter.) 

„ 2. S. MOOBAKliATiiEirsis, Bavitlson. Half natural size. 

„ ‘ 3. SriBiFEiiiNA OCTOPEICATA, Sowcrby. 

„ 4-. Athxeis SUBTiiiiTA, Hall, var. grandis^ I)a.v. 

„ 6. Hetzia iiADlAliis, Phillips, var. grandicosia^ Dav. 

„ G. Camebofuobia ririiDONi, Duv. 

,, 7. STBEPTOIinXNCHtTS CKENISTBIA, Phil. 

„ 8, PuontrcTtrs SEMiBBTicuiiATtrs, Sow. 

„ 9. I*. COSTATUS, Sow. Half natural size. 

,, 10. P. PUiiJJONi, Dav. 

„ 11. Stbopiia-losia mobbisiana. King. 

„ 12. Cjionetes HABliBBBSis, var. tTvihetensis, Dav. 

„ 13. AvicttijO-pecten hyemalis, Salter. 

N. JB. — All are of natural size, unless the proportions are incntioned. 






PT.ATE II 


TRIASSIC FOSSII.S {Marinti). 

,1. Ammonites ELOitiinrs, Wulfeii. lliilf natural size. 

2. A. (Cebatites) TnuiLEiEKl, Oppel. Half nuturul size, 
d. A. DlFPlsns, Hauer. 

„ 4. Ci.TJ^ONiTES 01.13IIAMIANUS, Stoliczka. 

6: Haeouta IiOmmex.!, Wissiu. 

6. Monotis salinakta, Broun. Half natural size. 

7. Dicebocabdium ttimalatensu, Stol. One-tlnrd natural size. 

8. MEGAi.onoN TKIQUETEB, Wulfeu. Half natural size. 

9. SriBiFEB STBACHEYi, Salter. 






PLATE III. 

TlLCmn AND D AMO DA FOSSIL PLANTS. 

Pig. 1. GANOAMorTBEis CYCLOPTEROIDE8, Fcistmautel. 

„ 2 &3. SrnBNoruYi,LUM bpeciosttm, Iloyle, sp. {S. irizygia^ Uxiger). 

,, 4. Phy^lotheca ini>ica, Bunbury. 






PLATE IV. 

DAMfJDA FOSSIL PLANTS. 

Fig. 1 & 3. SCHIZONEFEA GONDWANENSIS, Fstlll. 
„ 2. Veutebraria iNuicA, Roylc. 



Otology of iiifJjH 


Pit: 



il . Sc.}iiu4.mburf, li’fl-: 
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PLATE V. 


damCda rossri riAyrs, 

Fig. 1, 2 & 3. PiiTLLOTiiKCA JNDiCA, Biniburj. Leaves. 
„ 4, Glossopteris indica, Sdniuper. 

„ 6. (i. liHTIFKItA, Fstin. sp., !lOV. 

,, 6. G. AKGrsTiFOLIA, lirogiiiart. 






PLATE VI. 

sabjiasbJri aud dauCda fossil plafts. 

Fig. 1. Veetebeabia ikdica, Royle. 

„ 2. SrnENOPTEEis polymorpha, Fstm. 

„ 8. TilKlOPTEEia {Macrotctniopleris) daK.BOIDKS, Roylo, »p. 

„ 4. Axethoftebis likdleyaka, Royle, sp. 

„ 6. Keueofteeis talida, Fstm. 

„ 6. Noeggeeathia hislopi, Baubary. 

„ *7, VOLTZIA HETEBOPHYLLA, Bgt. 

N. B, — yeuropterU valida and VoUzia heterophplla arc Karbarbari species, and should 
have been figured with the Talchir Qangamopieris cgcloptsroides on Plate 111. The relations 
of the Karharbari group were not determined until after these plates were printed. 











PLATE VII. 

rANCllET FOSSIL PLANTS. 

Vv*. 1,2&3. ScHizONEtruA oondwanemsis, Fstiu. 

„ 4. Tjeniopteuis (Oleandridium), sp., uHicd to O. siencuntroti, Scheuls. 

,, 5. Ci'CLOPTEUis rAcnniACHis, Goppert. 

„ 6. PeCOPTEKIS C0NCIN5A, Presl. 






PLATE VIII 


SAJJUABAL FOSSIL PLANTS. 

1 . PtILOPHYLLUM ACTTTIFOLIUM, MoiTlfl, 

2. PTEROPHTLLtTM BA JMAHAliENSK, MoiTIS. 

3. P. PBlifCBPS, OldliHin ftiul Morris. 

4. Ctcadites conpkbtttb, Morris. 

5. OtOZAMITKS BENOALENBTS, OlllllRU), Rp. 

6. Dicttozamites falcatus, Morris, h|». 

7. Palibbya cobfebta, Oldham, sp. 




mn 





PLATE IX. 

mAjmabal fossil plants. 

Fig. 1. GLElCHEiiriA SINDBABUNSNSIS, Scbimper ; (Pecopteris IGJeicheniUs] glei> 
chenoides, 0. and M.) 

M 2. AxETHorTEBis IBDICA, 0. and M. 

„ 3. Feooftsbis lobata, O. and M. 

„ 4. Tanioptbbis {AngiopteridiunC) BPATHVLATA, McClellandp sp. 

„ 5. T. {Ma&rot(Bniopteris) liATA, Oldham. 







PI.ATE X. 

JASjLLPUJR fossil tlants^ 

Fig. 1. Ai.ETiiorTEii.is MEOETCOTTTAiTA, Oldbaxxi. 

„ 2. Otozaucites oeacii^is^ Kurr, sp. 

,, 3. O. b:isi.OPI, Oldbam. 

,, 4 & 5. PooozAATiTES liAKCEOZiATiTS* Xiindlcy and Hutton, sp. 

„ 6 & 7. !BEACiiXFEXiii:.TJM MA]M:ia:iEi:.AEE, li. and H. 

„ 8. Pai.ibs'sta JAnAiiPUEEiirBiB, Fstm. 

„ 9. P. INOTCA, Oldliano, sp. 

,, lO & 11. Aeaitcaeitbs cutciiensis, Fstm. 







PLATE XI. 


UMIA {CUTCH) FOSSIL PLANTS, 

1. Tjehioptebib {Oleandr idium) vittata, Bgt. 

2. AXETHOPTERIB WniTBYENSIB, Bgt.» sp. 

3 & 4. PtiIiOPHyllum ctttchense, Morris. 

6. EcniEOSTROBFS EXTANSFB, Stombcrg, sp. 

6. FachypuyIiLUM biyabicatum, Buubury, sp. 

7 & 8. Abaucabites cvtcubnbis, Fstm. 






PLATE XII. 

JURASSIC FOSSILS (Marine), 

Fig. 1. Belemnites gbbabdi, Oppel. Half natural size. 

„ 2. B. OBANTIANUS, D’Orbignj ; (B, kuntkotensis, Waagen). Half natural size. 

,, 3. Ammokites (Phyllocerad) dispftabilis, Zittel. Half natural size. 

4. A. (Aspidoceraa) pbeaematus. Sow. One.third natural size. 

6. A. (Stephanoceras) MACBOCEPHALUS, Schlotheim. One>fourth natural size. 

„ 6. A. (Peruphinctes) POTTiKasBi, Sow. Oue-third natural size. 

„ 7. Goniomya t-bcbipta, Agassiz. Half natural size. 

„ 8. PnoLADOMYA GBANOSA, Sow. Half natural size. 

„ 9. P. ANGULAIA, Sow. Half natural size. 

„ 10. TB1G0171A CLATEBiiATA, Lind. Half natural size. 

„ 11. T, SMEEi, Sow. Oiie>third natural size. 

„ 12. T. COSTATA, Parkinson. Half natural size. 

„ 18. Astabtb hajob, Sow. Ono-tliird natural size. 

„ 14. Abca (Macrodon) egebtoeiana, Stol. 

„ 15. Aucella legumikoba, Stol. 

N, B, — Qoniomya v-ecripta and Trigonia clavellata are not known to occur in India. 






PLATE. XIII. 

CSETACBOUS EOSSILS (Marine). 

# 

Fig. 1. Ammonite botomaoen^sis, Defmnce. One-tliird iiiitural size. 

„ 2. A. rLANULATUS, Sow. Half natural size. 

„ 3. Tukuitates cobtatus, Lamarck. Half natural size. 

„ 4. Baculites vagina, Forbos. Half uaturnl size. 

„ 6. Apoubhais secukipeba, Forbes, sp. 

„ 6. Ayellana scbobicttlata, Stol. 

,, 7. Cabdittm { Protocar dium) hillanum. Sow. Half natural size. 

,, 8. Tbigonia bcabba, Lam. 

„ 9. Inoceuamus simplex, Stol. Half natural size. 

„ 10. Pecten ( Vola) quinquecortatus. Sow, 

„ 11. Hiitxjrites oeganisans, Mont. One-fourth natural size. 

,, 12. II. COBNU VACCINUM. Bronn. Transverse section ; ouc-third natural size. 


N, Be — The two species of Jlipjpurites arc not known to occur in India. 






PLATE XIV 


INTMUTSAPFSAN FOSSILS {Upper eretaeemu). 
A, — J^ghwaier, 

Fig. 1. Phtba PBiirBBFii, Sow. Normal form. 

M 2. P. PB1VS]EPII> Sow., var. elongata, Uisloji. 

„ 8. Paludiba vobhaus, Hisl. 

„ 4. P. ACIOULABIB, Hisl. 

„ 6. P. SANEEYI, Hisl. 

„ 6. P. dbcoakbnsib. Sow. 

„ 7. Valvata hulticabikata, Hisl. 

„ 8. Valvata mihika, Hisl. 

M 9. LtMITBA BtTBULATA, Sow. 

„ 10. L. TELANEHBBIBITBIB, Hisl., var. pevocMminata. 

„ 11. L. 8FIEA, Hisl. 

M 12. Melania qfadb!1linbata. Sow. 

„ 13. Unio DECCANBlieiB, Sow. Half natural size. 

„ 14. Ukio huntebi, Hisl. Thrco-fourtbs natural size. 

Jf.'-^Sstuarine. 

Fig. 15. PSBUDOLIVA ELBGANS, Hisl. 

„ 16. Natica stoddabdi, Hisl. 

„ 17. Cebithiitm btoddabdi. Hisl. 

„ 18. VlCABYA FIT8IPOBMIS, Hisl. 

„ 19, TURBITELLA FBJBLONaA, Hisl. 

,, 20. CaBBITA VABIABILIB, Uisl. 






PLATE XV. 


EOCEXE SrUirCLITJC rOSSlLS (Jfariaf). 

Fig. 1. VoLUTA jrOOSA, So«r. 

„ 2. Nbbita- 6CHMBDBLUFA, Chctuuttf. 2 a : out of UMf Mine. 

„ 3. PBCTB.V LABADTBI, DUrchUc aiul llailue. 

n 4. VuiBBLLA uouxtH, D*Arcb. aAd U. 

„ 6. Eohikolampab dibcoidbcb, D*Arch. llair iwiar»l tiu. 

» 6. EuBHODtA xobbi 8I» D*Arch. and U. 

„ 7. Obbitoidbs PAPTBICBI, Bonlw. 

„ 8 . O.DisPAifSA, Sow.;«vtion. 8 «, d. ririetipf. ’ 

„ 9. Altbolixa BpnBBOiDEA, Lam. Ku larged tbrce diaaieim. OaMbetamo; 

natural size. 9 i ; tranivcne •cettoo. 

.. 10. NrjmcuiBs (UEAMixsa, Joljr .Bd L^ymcrie. 10 a. 10* , mcUoo, «f n, 
same enlarged, 

„ II. N. SFBLiYiOiTi, D’Arcb. and H. 11 o itciiou of Mme. 

„ 12. N. BAMOXDi, Defr. 

» 13. N. OBTFSA, Sow. 

„ 14. N. OEAKULOSA, D’Arch. 

» 15. N. lETMEEiBi, D’Arch. 







PIRATE XVI. 


MIOCJSNJB GAJ B‘0SSILS C^KieJl^ Marine). 


Fig. 1. 
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ViCAit'S'A VKSKSTTiu:.!, I>*Arch. . 

TXTSmTBTXA AKaxrXATA, Sow. 

Obtkba iCTri.TiooBTATA, Ocshayes. 

Pbotbn favbbi, I>*Arcli. 

Aiioa (^X*urallelepipeclu9n) KlTitBAOilBBiTSis, D'Arc'b. 

A. (^^nomalocardia) x.Al£i{:iiA2rx:KBis, l>*Arcli. {estuarine). 
Vbittts osaboba. Sow. Half natural size. 

CoBBTri:.A tbiqoxax.ib. Sow. {estuarine.) 

llaBXBiA CAXLiirATA» I>*Arch. and H. Half natural size. 

KcniBomsciTS, sp. 

Cj:.bp]SASTbb dbp bbssits. Sow. Half natural size. 






PLATE XVII. 

LATBn TERTIARY FOSSIL MAMM A L S (chiefitf Sitoalik pliocene). 

Fig. 1. Exefhab ( Steffodon ) iirsiGiris, Falconer and Cautley. Restored craninm j 
one-twentietb natural size. 

M 2. E. (/8'^e^odon) GAKBSA, F. andC. Restored craninm ; one-twentieth natural 
size. 

M 8. Mastodon pebimensib, F. and C. Restored cranium ; one-twentieth na- 
tural size. 

,, 4. Mastodon latidenb, F. and C. Upper molar ; one-third natural size. 

6. Exefhab {Euelephaa) nTSUDBiCUB, F. and 0. Lower molar; one-third 

natural size. 

pt . 6. Mastodon siyaxensib, F. and C. Last upper molar ; one-third natural size. 

M 7* Elefuas (iS'^e'^odon) INSIGNIS, F. and C. Upper milk molar; one- third na- 

tural size. 

6. HiFFonYDB BIVALENSIB, F. and C. Second upper molar. 

„ 9. Sub gigantbub, F. and C. Upper molars. 

„ 10. Mbbycofotamus DIBBIMILIS, F. and C. Upper molar. 






PLATE XVIII. 


LATER TERTIARY FOSSIL MAMMALS (chiejltf SiwaUk pliocene). 

Fig. 1. Hemibos TBTQUETitlCEBUB. F. and C. Cranium j one -sixth natural size. 

,, 2. Amfuibos ACtrTicoBNis, F. and C. Cranium ; onc-sixtb naturiil size. 

„ 3, Dorcatheeifm majus, Lydekker. Upper molar. 

„ 4. Chalicothebiitm SIYALENSE, F. and C. Upper molar; half natural size. 

„ 6. Bbahsiathebiitm peeimense, Falc. Upper molars ; two-thirds natural size. 

„ C. Hippopotamus (f/exapro/odon) sivaIjENBIS, F, and C. Last upper molar; 
half natural size. 

7- Sivatherium: gigantbum, F. and C. liestored crauium ; ono-cii^htobutii 
natural size. 

„ g. Hippopotamus (Uexaproiodon) bivalenbib, F. aud C. Crauium; one- 
cighth natural size. 






PLATE XIX 


IjATBU TEUTIART fossil mammals {chi^y Sitealik plioeene). 

1. Bhznocbbos SlYAiiBNSis, F. nnd C. Mandible ; ono-fourth natural size. 

2. R. IBATADIOT7S, Lyd. Left upper molar; half natural size. 

8. R. siVAiiBNSis, F. and C. Upper juvr, right side; one-fourth natural size. 

4. AMPniOYOK PAi.JSiNDiOua« Lyd. Upper molar {^iocene), 

6. Enhydbiodon siYALBNSia, F. and C. Palate; four-nlnths natural size. 

6. Hippabion ABTEiiOPiiruM, F. and C. Upper molar. 

7. LiaTBiODOK PENTBPOTAMiiB, Falc.» sp. Upper molar. 

8. Hyana SiYAiiENais, F. and C. Upper caruasBial tooth. 

9. Hyaenabctus BIYALUN8I8, F. and C. Right upper carnassial and molars; 

three-quarters natural size. 

10. Hyjbna siyaIiBnsis, F. and C. Upper premolar. 

11. Sbmnopitueoub P BUBiiiAf AiA.YANt7S« Meyer. Right upper molars. 

12. llHXsroCEBOS, sp. astragalus. Ouo-fourth uuturul size. 







PLATE XX. 


POST-TERTIAtir FOSSIL MAMMALS (Narlada). 

Boa {Buhalua) PAiiiBiNDlcus, F. and C. Cranium ; one>fiftb natural aize. 

HiPPOPOTAMira {Hexaprotodon) NAICABICUB, F. and C. Symphysis of mandi- 
ble; one-eighth natural size. 

Bos KAMADiciTB, F, aud C. Frontlet and part of right horn-core 5 one-tenth 
natural size. 

Equus NAMADicns, F. and C. Upper molars, right side; half natural size. 

Elephas NAMADicns, P, and C. Lower milk-molar; ono-third natural size. 

Ubsus kamadicxjs, F. and C. Part of upper jaw ; half natural size. 

Hippopotamus PALOsiNnicUB, F.and C. Last upper molar, 

left side ; half natural size. 

Elephas hamadicus, F. and C. Restored cranium ; half natural size. 

Uhinocebos NAMADious, F, aud C,, astragalus. One-fourth natural size. 






PLATE XXI 


STONJB IMPLJEdd "ENTS {Post-tertiar^ and suh-reeent')^ 

1. Chiffbd quabtzitb im:pi.em:knt, ‘ Bpcai*-hcad * form, from the Narbada 
valley ; two-thirds natural size, Tliis specimen was found in the ^jravels 
which contain bones of extinct post-tertiary mammalia. See p. 386. 

2. Aoatb biiAKB, or knife, from Qodavari valley, natural size; also found in 

♦ 

gravels containing hones of extinct post-tertiary mammalia. See p. 389. 

3. Chbbt COBB, found in the bed of the Indus at Sukker, natural size. See p. 442. 

4. • Smoothed oelt of greenstone from Banda, N. W. P. ; natural size. See 

p. 442. 

5. Smooth ahd poushbd obIiT of limestone, Adopted for a handle, from Burma ; 

natural size. §ee p. 442. 






